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As the discovery of the second rotation of the earth, by 
General Drayson,? carrying with it, as it does, the complete 
explanation of the causes of the Glacial Period, with all the 
attendant phenomena regarding the geological evidences and 
the remains of the fauna and flora which existed in past ages, 
has happily passed from the purely scientific field into that 
of an intelligent public inquiry, it is very important that all 
should be made aware of the fact that beyond the ample evi- 
dences afforded by the calculations of Drayson as to the per- 

fect accuracy of his conception, proof of its truth has been 
produced within the last few weeks by a process which the 
recorded observations of the stars alone could supply. 


ti 1 The article here given acquires particular interest from the fact that General 
Cowell, its author, was the first English subscriber to Tur NEw Science ReE- 
view, and that before his death, which immediately followed the completion 
of the article, he requested that it should be published in the journal above 
named. We append the following interesting note from his daughter: 
“30th September, 1894. 

“This article was written by my father, Major-General Sir John Cowell, 
last June. I copied it in the beginning of August, and I read it to him and 
he corrected it the evening before his death. The diagram was sketched by 
him at the same time that he corrected the article. 

“Clifton Castle, Bedale. 


Marie CowE.t.” 
2See New ScrENcE Review, No. 1, page 1. 
{ Vou. 57 
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The proof is no less than this: That from the right ascen- 
sion and polar distance of a star taken at two different peri- 
ols, the angular distance of the pole of the heavens from the 
pole of second rotation and from the pole of the ecliptic, 
the angular distance of the pole of the ecliptie from the 
pole of second rotation, the obliquity of the ecliptic, the 
precession of the equinoxes, and the time occupied in one 
revolution of the equinox (which is one revolution of the 
pole of the heavens round the pole of second rotation), 
can all be accurately and simply calculated, and that all 
these items correspond with Drayson’s beautiful discovery, 
published by him more than twenty years ago, and arrived 
at by a totally different process of calculation. Such a tri- 
umph will surely call forth the admission and admiration so 
long withheld by those who, through too loyal an adhesion 
to theories and orthodox teaching, regarded Drayson’s dis- 
covery as a mere theory, whilst they supported by tacit ad- 
mission theories which never could be proved to be correct. 

The formula by which the great law of the second rota- 
tion is proved to be true is the result of a geometrical inves- 
tigation by one of the most distinguished professors of 
mathematics in England, arrived at by an analysis of the 
known elements in the triangle involved, and without his 
being in the least degree aware to what purpose the formula 
was to be applied. The idea of such a crucial test of accu- 
racy as this is originated with, and the calculations made 
from the formula were worked out by, Admiral de Horsey, 
one of the best observers that the English navy has produced. 

Passing from what we now know to be a well defined law, 
under which the pole of the heavens describes a circle around 
the pole of the second rotation with a radius of 29° 25’ 47”, 
it is manifest from geological evidences that this radius could 
not have been so great before the great glacial epochs; conse- 
quently the polar regions could not then have been so stored 
with ice as they have been during and since that period. 

If we take as an illustration of this the coal beds which we 
find scattered over the globe at various depths, and one over 
the other, nearly up to the Arctic circle, with shale and 
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| sandstone between the seams, the following diagram will 
: explain the conditions which would, and unquestionably did, 1 
produce them. 


Supposing that C is the pole of second rotation, round 
which the pole of the heavens described a circle with a 
radius of, say, seven degrees, due to the then position of the 
center of gravity of the earth E, the pole of the ecliptic, 
and P, the pole of the heavens; then P E would be the 
radius of the Arctic circles, or the obliquity of the ecliptic, . 
and this might be about five degrees when the pole of the - 
heavens was at P. When it moved to P’, P’ E would be 
about three degrees, and when it reached P” it would again 
be about five degrees. Thus we may observe that whilst 
the pole was moving from P to P” an almost uniform cli- 
mate would prevail upon the earth, suitable to the growth 
of that vegetation which produced the coal beds. But when 
the pole reached P’” the Arctic circles would have crept 
down about eleven degrees from the poles (they being con- 
temporaneous in both hemispheres), the consequences of 
which would necessarily be the deposition of mud and sand 
a over the vegetable beds, which were formed under warmer 
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and more uniform annual temperatures when the Arctic 
circles extended only from about three to tive degrees from 
the pole. These consolidating through the pressure gradu- 
ally heaped upon them by successive layers of matter of 
various kinds would, and did, assume the character of coal, 
shales, and sandstones as we now find them; the character otf 
each layer of coal being dependent upon the conditions under 
which the vegetation grew, and the manner in which the 
superimposed matter was precipitated in being washed over 
it, or settling upon it, during the long interval of the partial 
Glacial Period at that era of the earth’s history, each page 
of which is written in its crust, as recorded in the Mosaic 
record. Repeating this movement, another rotation of the 
pole about C, the pole of the second rotation, there would 
be a repetition of the process referred to, and we should have 
a succession of coal beds formed one above another, as we see 
them, their vertical distances apart and structural peculi- 
arities testifying unmistakably to the conditions which then 
existed. 

The more recent deposits of coal indicate a great variation 
in the extent of the Arctic circles, these necessarily being 
consequent upon the changes in the position of the center 
of gravity of the earth. Geologists are agreed that great 
changes occurred through the transfer of the waters of the 
ocean from one part of the globe to another previous to the 
last Glacial Period, and this must have been attended by a 
corresponding movement of the center of gravity, causing 
the earth’s axis to vary its inclination to the plane of the 
ecliptic in obedience to the law of gyration. 

Some geologists have hitherto objected to any astronomical 
explanation of the cause of the Ice Age. They assume that 
no change in the inclination of the earth’s axis to the plane 
of the ecliptic can occur, their view being based on the im- 
mobility theory and the assumed fixed angle of the obliqu- 
ity, whilst, in fact, there is no limit either way to the angle 
of obliquity, or, what is the same thing, to the radius of the 
Arctic circles. This is shown in Jupiter, which has an 
almost vertical axis, and in Uranus, whose axis is almost 
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horizontal. The obliquity in the case of the earth can be of 
equal extent only when the center of the earth corresponds 
with its center of gravity, and as the center of gravity of 
the earth is now located north of the equator, the Antarctic 
circle is, of course, of slightly greater diameter than the 
Arctic one, from the semi-axes of the earth describing cones 
with their apices meeting in the center of gravity. Had 
LaPlace realized the fact that the inclination of the earth’s 
axis to the plane of the ecliptic was the most important 
object of discovery in dealing with the cause of the glacial 
periods, he would not have devoted his great abilities to 
ascertaining how much the plane of the ecliptic could vary 
its position. 

This he calculated to be 1° 21’, and unfortunately astron- 
omers and geologists were misled by this angle, which was 
unconnected with the angle of obliquity between the earth’s 
axis and the ecliptic. This we now know varies as much as 
twelve degrees at the present time and under present con- 
ditions in one revolution of the equinox, and this corresponds 
with the evidences of the drift and boulder clay as we see it 
after the last recession of the Arctic circle. 

The earth tells its own tale by the curve which every 
zenith traces, but until now this beautiful test of the accu- 


racy of Drayson’s discovery has not been applied by astron- 
omers.' 


‘Admiral de Horsey, on being shown the manuscript of this article, stated 
that Sir John Cowell was under a slight misapprehension—the geometrical 
investigation and analysis of the triangle not having been the work of the dis. 
tinguished mathematician alluded to, who was not even informed that there 
was any triangle or geometrical problem involved; that which the professor 
was kind enough to do was to reduce the equation submitted to him by Admi- 
ral de Horsey into a form capable of logarithmic computation. 
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THE NEW ELEMENT OF THE ATMOSPHERE! 
ConsIDERED BY Lorp RAYLEIGH. 


In the interests of the readers of THE New Scrence Re- 
view Lord Rayleigh has been approached with a view to 
ascertaining if he or his learned co-discoverer, Professor 
Ramsay, had anything to add to the announcement made 
by them to the members of the British Association at Ox- 
ford, on the 13th of August, 1894. Lord Rayleigh’s an- 
swer was, as we had fully anticipated it would be, in the 
negative, and we are consequently deprived of the pleasure 
of publishing anything in the nature of a reply from those 
two distinguished men of science, to the lugubrious criti- 
cisms of that London medical paper which pleasantly hinted 
at the possibility that “a sad blunder” may have been com- 
mitted, and considered “the method of announcement most 
unhappy.” 

Lord Rayleigh and Professor Ramsay displayed their 
wisdom by simply announcing their discovery of the exist- 
ence of a new gas in the atmosphere, and preserving any 
further expression of opinion until they should be in pos- 
session of fuller information. 

Much has been written on this subject in the European 
reviews and other periodicals, dealing more or less satistac- 
torily with scientific questions ; but, so far as we have seen, 
neither lay nor professional writers have directed much, if 
any, attention to Lord Rayleigh’s explanations of the man- 
ner in which the particular subject originally arose. We 
propose to attempt to supply the hiatus to some extent; and 
this we are enabled to do by reference to an elaborate docu- 
ment bearing Lord Rayleigh’s name as author, and forming 


' We understand that Professor Crooks has examined the spectrum of the 
new gaseous constituent of the atmosphere—“ the inert gas,” as named by 
Lord Rayleigh—and, after comparing it with the spectra of other known 
gases, has come to the conclusion that in this respect it behaves like an ele- 
mentary body. 
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part of the Proceedings of the Royal Society, of which his 

lordship is secretary. 

ON AN ANOMALY ENCOUNTERED IN DETERMINATIONS OF THE 
DENSITY OF NITROGEN GAS. 

In a former communication (says Lord Rayleigh) I have 
described how nitrogen, prepared by Lupton’s method, proved 
to be lighter by about ;,;);5 part than that derived from air 
in the usual manner. In both cases a red-hot tube contain- 
ing copper is employed, but with this difference: In the 
latter method the atmospheric oxygen is removed by oxida- 
tion of the copper itself, while in Lupton’s method it com- 
bines with the hydrogen of ammonia, through which the air 
is caused to pass on its way to the furnace, the copper remain- 
ing unaltered. In order to exaggerate the effect, the air was 
subsequently replaced by oxygen. Under these conditions 
the whole, instead of only about one-seventh part, of the 
nitrogen is derived from ammonia, and the discrepancy was 
found to be exalted to about one-half per cent. 

Upon the assumption that similar gas should be obtained 
by both methods, we may explain the discrepancy by sup- 
posing either that the atmospheric nitrogen was too heavy 
on account of imperfect removal of oxygen, or that the 
ammonia nitrogen was too light on account of contamination 
with gases lighter than pure nitrogen. Independently of 
the fact that the action of the copper in the first case was 
pushed to great lengths, there are two arguments which 
appeared to exclude the supposition that oxygen was still 
present in the prepared gas. One of these depends upon the 
large quantity of oxygen that would be required, in view of 
the small difference between the weights of the two gases. 
As much as ;'; part of oxygen would be necessary to raise 
the density by 54,5, or about one-sixth of all the oxygen 
originally present. This seemed to be out of the question. 
But even if so high a degree of imperfection in the action of 
the copper could be admitted, the large alteration caused by 
the substitution of oxygen for air in Lupton’s process would 
remain unexplained. Moreover, as has been described in the 
former paper, the introduction of hydrogen into the gas 
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made no difference, such hydrogen being removed by the hot 
oxide of copper subsequently traversed. It is surely impos- 
sible that the supposed residual oxygen could have survived 
such treatment. 

Another argument may be founded upon more recent 
results, from which it appears that almost exactly the same 
density is found when the oxygen of air is removed by hot 
iron reduced with hydrogen instead of by copper, or, in the 
cold, by ferrous hydrate. But the difficulties in the way of 
accepting the second alternative are hardly less formidable ; 
for the question at once arises, Of what gas, lighter than 
nitrogen, does the contamination consist ? 

Of the possible impurities, lighter than nitrogen, those 
most demanding consideration are hydrogen, ammonia and 
water-vapor. The last may be dismissed at once,and the 
absence of ammonia is almost equally certain. The question 
of hydrogen appears the most important. But this gas, and 
hydrocarbons, such as CHI,, could they be present, would be 
burnt by the copper oxide; and the experiments already 
referred to, in which hydrogen was purposely introduced 
into atmospheric nitrogen, seem to prove conclusively that 
the same burning would really take place. 

{Lord Rayleigh then describes his examination of nitro- 
gen derived by reduction from nitric and nitrous oxides. | 

The numbers which follow are the weights of the gas con- 
tained by the globe at zero, at the pressure defined by the 
manometer when temperature is 15°. They are corrected 
for the errors in the weights, but not for the shrinkage of 
the globe when exhausted, and thus correspond to the num- 
ber 2'°31026, as formerly given for nitrogen. 

NITROGEN FROM NO BY HOT IRON. 
November 29, 1893...... 2°30143 


229890 
299816 Mean, 2°30008 


2°3U0182 


NITROGEN FROM N-O BY HOT IRON. 


(The N.O was prepared from zine and very dilute nitric acid.) 
December 26, 1893...... 2°29869 

December 28, 1893...... 2°29940 
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NITROGEN FROM AMMONIUM NITRITE PASSED OVER HOT IRON. 


January 9, 1894......... 2°29849 
January 13, 1894........ 229889 Mean, 229369 


With these are to be compared the weights of nitrogen 
derived from the atmosphere: 


NITROGEN FROM AIR BY HOT IRON. 
December 12, 1893. ..... 2°31017 
December 14, 1893...... 2°30986 (11) 
December 19, 1893...... 231010 (H) 
December 22, 18+3.. ... 2°31001 


» Mean, 2°31005 


NITROGEN FROM AIR BY FERROUS HYDRATE, 


January 27, 1894....... 2°31024 ) 
January 30, 1894....... 2°31010 } Mean, 2°51020 
February 1, 1894....... 2°31028 


If we bring together the means for atmospheric nitrogen 
obtained by various methods, the agreement is seen to be 
good, and may be regarded as inconsistent with the supposi- 
tion of residual oxygen in quantity sufticient to influence 
the weights. 

° ATMOSPHERIC NITROGEN. 


By hot coppes, 2°31026 
2°31020 


Two of the results relating to hot iron (those of December 
14th and December 19th) were obtained from nitrogen into 
which hydrogen had been purposely introduced. . . In 
two and a half hours the hydrogen introduced into the gas 
would be about 70 c.c., sufficient, if retained, to reduce the 
weight by about 4 per cent. The fact that there was no 
sensible reduction proves that the hydrogen was effectively 
removed by the copper oxide. The nitrogen, obtained alto- 
gether in four ways from chemical compounds, is materially 
lighter than the above, the difference amounting to about 
11 mg., or about ;,55 part of the whole. It is also to be 
observed that the agreement of individual results is less 
close in the case of chemical nitrogen than of atmospheric 
nitrogen. 
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Our readers will, we are sure, peruse with the deepest in- 
terest this account of Lord Rayleigh’s experiments. Taken 
in conjunction with the observations printed in the October 
number of Tue Review, the descriptive outline of those 
experiments will provide new matter for discussion wherever 
the English language is read. The great services rendered 
to science by Lord Rayleigh and Professor Ramsay in their 
recent discovery have been enthusiastically recognized, and 
not even the most carping critic will question the accuracy 
of Sir Henry Roscoe’s graceful utterance at Oxford: ‘The 
communication was one of the greatest possible interest and 
importance, and the Section, as well as the distinguished 
authors, were greatly to be congratulated on the announce- 
ment of the discovery of what would in all probability turn 
out to be a new elementary body existing in the atmosphere. 
The discovery appeared to be of special significance, as 
being one brought about by the application of exact quanti- 
tative experiment to the elucidation of the problem of the 
chemical constitution of our planet.” 


[This article, prepared for October from material courteously placed at our 
disposal by Lord Rayleigh, was unavoidably held over for the present number. } 
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THE DANGERS OF EXAMINATIONS. 
3y Masor-GeneraL A. W. Draysoy, F.R.A.S. 


The subject of so-termed Education is one not only of indi- 
vidual, but of national importance. An individual who is 
either not educated, or is only partially so, carries on the 
race for life at a considerable disadvantage. A nation in 
which a very large majority are deficient in education, must 
eventually take a back seat when other nations are better 
educated ; more especially is this the case when a nation is 
governed by the majority, not by intellectual capacity. The 
necessity for such a general education has long been recog- 
nized in England, and has been practically shown by the 
formation of board schools, high schools, ete., and by the 
introduction of competitive examinations for almost every 
appointment under government, and yet matters are not 
satisfactory in spite of all these proceedings. It is, therefore, 
® most important question for investigation, whether the 
system now adopted to give what is termed education, and 
to test the amount of education possessed by each individual, 
has not in it serious defects, which may possibly be remedied. 

In the first place, it is desirable to inquire what we mean 
by education. This is one of those vague terms, generally 
used, and supposed to be understood by everybody, just as 
we speak of “common sense” (the most uncommon of 
senses). But’ numerous examples show that men may be 
crammed with an enormous amount of stock knowledge and 
learning, and yet be utterly deficient in what is termed 
common sense. Hence, such men cannot be correctly termed 
educated. 

It, therefore, seems desirable that we should go a little 
more into details, and express definitely what we mean when 
we speak of education. 

At the present time, where much is to be gained by success 
at competitive examinations, there are men termed “ Cram- 
mers,” who prepare youths to pass these tests. Are these 
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youths educated? From my own experience I unhesitatingly 
say “No.” They have been taught and crammed, but not 
educated. It is, therefore, necessary that we should give some 
description of what education really is. 

Education is defined in a dictionary as “ instruction; the 
training that goes to cultivate the powers and form the 
character.” There is a vagueness about this definition, which 
fails to supply us with a clear comprehension of education ; 
and I, therefore, venture to divide so-termed education into 
teaching, cramming, and reasoning. A person may have 
been extensively taught or crammed, and yet may be unable 
to reason; or a person may be able .to reason, but, in con- 
sequence of not having been taught, his knowledge of estab- 
lished facts is too limited to enable him to come to correct 
conclusions. At the present time, what is usually termed 
education ought to be described as teaching. The majority 
of young people are taught, they are not educated, and there 
seems to be a tendency, when a vast amount of teaching has 
been crammed into the mind, for this mind to become in- 
capable of reasoning. 

Many years ago, when I was stationed at Natal, young 
Zulus were my constant companions on hunting expeditions, 
No one would venture to speak of these men as educated, as 
they could neither read nor write, and had considerable difti- 
culty in counting beyond ten, yet their reasoning was so 
sound and excellent that I learned much from them. Astron- 
omy was a subject that was not taught in Zululand, and I 
hardly expected to receive a lesson in this science from a 
Zulu lad. One evening I had directed my telescope to the 
half illuminated moon, when I was visited by three young 
Zulus. I asked one of these to look through the telescope 
at the moon. He did so, and gazed during three or four 
minutes. Ile then turned to me, and said, “Amasondo In- 
Jlovu (footprints of elephants). Very little elephant walked 
first, then big elephant, then small elephant.” At first I was 
at a loss to understand what the Zulu meant, until I realized 
that the circular marks in the moon, which we term craters, 
are very similar to the footprints of a bull elephant; but 


} 
| 
| 


The Dangers of Examinations. 269 


there was still a puzzle, viz.,as to which had walked first 

and which last. On asking the Zulu, he scratched in the 

sand a fair representation of what he saw, which was some- 
what as shown below. 

ae a I immediately applied my spooring 

% knowledge, and saw that the large foot- 

# B ¥ print B had partly obliterated the small 


‘é Le foot-print A; therefore B must be of later 
o date than A; whereas C had obliterated a 
; portion of B,and must therefore have 


passed after B. After reflecting on this 


matter, I perceived there was a means by which the relative 
date of the craters in the moon could be arrived at, and that 
this might lead to very interesting results. I concluded, 
however, that the problem was so very simple that it must 
be known by every astronomer. Some few years afterward 
I met two distinguished astronomers, and asked them if 
there were any means by which the relutive age of the craters 
in the moon could be determined. The answer was positive, 
and was “ No.” I went a little farther and said, “ Suppose 
two craters were more than tangential, are there no means of 
telling which is the later formation?” The reply was again 
“No; it is impossible to tell; there is nothing to guide us. 
If there had been you would have found it in Herschel’s As- 
tronomy.” Some years later I was passing through the 
Kensington Museum, and saw some excellent photographs of 
the moon. My companion was a gentleman who, as an 
amateur, had made astronomy his special study. To him I 
put the same question relative to the craters. After a careful 
examination of a photograph, he said: “I cannot see any 
means by which it can be told.” I then explained the matter 
to him, but, after again looking carefully at the photograph, 
he said: ‘I don’t see that anything is proved by what you 
say.” 

Tlere was an interesting subject for inquiry, relative to the 
human mind and so-termed education. The Zulu, without 
one atom of what we term education, perceived a fact, and 
reasoned correctly upon it. ‘Iwo distinguished professional 
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astronomers, thoroughly taught, failed to perceive the fact 
even. A third highly educated man perceived the fact, but 
was not able to reason upon it. 

I believe we have here the key to many mysteries con- 
nected with some of those failures, as regards so-called mod- 
ern education, cramming and competitive examinations. 

The Zulu had not been crammed with stock knowledge ; 
he used his eyes, and, seeing a fact, at once set to work to 
reason on this. From his stock knowledge as regards spoor- 
ing, it was manifest to him that if a small foot-print partly 
obliterated a large foot-print, the small one must have been 
made the later of the two. Had any person told this Zulu 
that there were no means of telling which of the two 
foot-prints was the older, the Zulu would have probably used 
the word igesa (idiot), and would have found a difficulty in 
imagining how any man in his senses could fail to perceive 
that the crater C must be of a later date than B. Since that 
time I have made a large diagram of the three craters, and 
have put this before many persons, asking the relative date 
of the three. Many singular exhibitions of an absence of 
reasoning have been manifested, a very common one being 
the statement that “the crater B must of course be the old- 
est because it is the largest.” From this example it is 
manifest that no amount of conventional teaching gives, 
necessarily, either an aptitude for observation or a capacity 
for reasoning. 

When dealing with so-termed education, there ought to 
be a distinction made between merely storing the mind and 
actually strengthening it. In the majority of our schools 
attention is given almost entirely to storing the mind. A 
pupil who has been trained to pass an examination has been 
crammed with stock knowledge, and (I can speak from fifteen 
years’ experience) is too often utterly unable to reason on any 
subject, more especially if the subject is to him a novelty. 
The capacity for judgment seems to have become almost 
impotent, in consequence of the brain having been entirely 
occupied during many years in storing stock knowledge. 
Hence it has too often been found, that the man who has 
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passed in the most satisfactory manner a very stiff competi- 
tive examination, proves to be in after years excessively 
dull and stupid. People then wonder how this man ever 
managed to pass, and consequently they come to the conclu- 
sion that examinations are no test of intellectual powers. 
Examinations, if the questions are judiciously selected, are 
probably the best means of testing the amount of knowledge 
possessed on any subject ; but the forming of these questions 
is a matter requiring the greatest judgment. After reading 
some of the examination questions, I have often felt the wish 
that I might examine the examiners in the same manner in 
which they had examined the candidates, and I believe very 
few would have passed. 

At present, and during many years, a battle has been going 
on between crammers and examiners, which is undoubtedly 
most detrimental to the intellectual development of candi- 
dates. A practical example in my own experience may 
probably fully illustrate this fact. 

During the period that I was Professor at the Royal Mili- 
tary Academy, at Woolwich, nearly eighty cadets per year 
passed under my instruction, in two batches of forty each. 
These batches differed considerably in intellectual capacity. 
Each batch had to pass two examinations, one given by my- 
self, the other given by what was termed an “ Independent 
Examiner,” that is, an examiner not holding any official 
appointment at the academy. One batch was, I knew, very 
superior to the average, and each member passed my exami- 
nation in a ‘very satisfactory manner. The independent 
examiner, however, reported that “the class had done very 
badly, and did not seem to understand their subject.” 

On looking over the questions. I found that they were 
vaguely put, and on asking some cadets how it was that 
they had done so badly, they told me they could not really 
understand the questions, as they were so obscure. 

The very next class of cadets was certainly the worst I 
had ever instructed, both intellectually and as to capacity 
for work. I expected, therefore, a very bad report from 
the independent examiner. A few days previous to the 
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examination by the examiner I looked over several of his old 
examination papers, and selected twelve questions as very 
likely to be given by him, and I coached the class in these 
questions. On the morning of the examination, the exam- 
iner’s questions, carefully sealed, were given to me. I opened 
these in the presence of the Inspector of Studies, and handed 
a paper to each cadet. On looking over the examiner's 
paper I found that ten out of the twelve questions were 
exactly those I had explained three days previously to the 
cadets. The report of the examiner was, that this class was 
the very best he had ever examined. I was quite certain 


that if this class had received no instruction during the half 


year, but had merely had explained to them the questions I 
had selected, they would have passed equally as good an ex- 
amination, though they really knew very little of the subject. 

This was a practical example of cramming, but it clearly 
proves that a number of individuals may be able to pass 
very satisfactorily an examination on a subject of which 
they know very little, and also that although well acquainted 
with a subject, they may fail to pass a good examination in 
this subject. 

As regards this case, 1 was convinced, from having thor- 
oughly examined the work of each cadet during five months, 
that the worst cadet in the class that had passed the bad 
examination was better than the best cadet who had passed 
the good examination. Successfully passing an examination 
on any subject does not necessarily, therefore, prove that the 
candidate is well acquainted with this subject. If he has 
been under the instruction of a crafty crammer he will be 
trained fora special examination and will pass, whilst another 
candidate much better acquainted with the subject may fail, 
in consequence of not having been specially trained to answer 
the questions which it is almost certain the examiner will ask. 

When a competitive examination takes place, the exam- 
iner has two great difficulties to surmount, when the 
number of candidates far exceeds the number of vacancies. 
The first is to give the relative marks justly; this is a difli- 
culty not due to any favoritism, but because, when looking 
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over several hundred questions, it is a severe mental trial to 
keep the mind at exactly the same standard of criticism. 
The second is to frame questions the majority of which ought 
to be correctly answered, but among which there are two or 
three which require able reasoning and a thorough knowl- 
edge of the intricacies of the subject. To have to report that 
every candidate was qualified might be awkward for an 
examiner. Hence, too often the questions put are more for 
the purpose of finding out the few things that a candidate 
does not know, rather than the many things with which he 
may be well acquainted. 

In connection with so-termed education, there is a most 
important item which does not appear to have been hitherto 
sufficiently attended to; this is the art of teaching, or 
imparting knowledge rapidly. It seems to be imagined that 
a man who has passed highest at some examination, or the 
highly cultivated graduate of one of our universities, is, ex- 
officio as we may term it, at once fully qualified and quite 
competent to teach that which he has acquired. This isa 
most serious error. Teaching is an art of itself, and from 
my very early experience I found that a great mathematician 
who had gained the position of either first or second wrangler, 
was unable to impart his knowledge to any one of the class 
to which I belonged, whilst a far inferior mathematician, 
who was his assistant, had a capacity for teaching which was 
remarkable. 

Whilst there are tests required before a person is consid- 
ered qualified to practice in any subject, there is no special 
test ever considered necessary before a person is employed as 
a teacher. To know a subject is considered quite a suffi- 
cient guarantee that the individual is fully competent to 
teach this subject. This, however, is an error, as every pupil 
knows from experience ; some profoundly clever men being 
quite unable to impart their knowledge to others, while the 
pupils, not having been properly taught by these men, suffer 
from the effects during the whole of their lives. 

Education is sometimes imagined to consist in storing the 


mind with a multitude of the supposed facts which are 
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accepted and promulgated by the scientific authorities of the 
day. A small amount of reason will show the danger of such 
a conclusion. We will suppose that at the date 1540, previ- 
ous to Copernicus having published his work, De revolution- 
ibus orbium ceelestium, the Royal Society, the Royal Astro- 
nomical Society, Oxford, Cambridge, and other great centers 
of learning had existed. In each and all of these, it would 
have been taught that the earth was immovable. A highly 
cultivated graduate of one of our universities might have 
been selected to go round the country lecturing on this sub- 
ject, and at that date he would have been considered fully 
qualified to do so, if he taught the then orthodox belief that 
the earth was immovable. Classes who attended these lec- 
tures, and accepted this teaching, would have been considered 
well taught as regards astronomy, yet such lecturers and 
societies would merely have acted as head centers for the 
promulgation of error. 

When individuals have successfully passed several exam- 
inations, and have perhaps gained honors by doing so, there 
is a danger of these persons drifting into the conviction that 
they have arrived at the summit of all knowledge. If the 
science taught three hundred years ago, three years ago, or 
at the present time, was perfect, this belief might be justiti- 
able; but as we are really only learning the A, B, C, of na- 
ture’s laws and of science, men who hold such a conviction 
become absolutely dangerous. Believing that nothing can be 
true, or even exist, which is beyond what they have learned, 
they become mere obstructionists, usually ridiculing and ig- 
noring new facts, or declining even to examine these, in con- 
sequence of their belief that their teaching has included 
everything that can be known. 

Throughout all ages these results have occurred; it has 
not been the untaught who have most vigorously opposed 
an advance in any special science, but it has invariably been 
those men or societies who at each date were possessed of 
the largest amount of stock knowledge in that science. 
Thus, for example, when Benjamin Franklin brought the 
subject of lightning conductors before the Royal Society, 
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his proofs were not even looked at, and the subject was con- x 
sidered such rubbish that it was not even discussed. When vas 
Arago wanted to bring into notice the subject of the electric 
) telegraph, the French Academy of Sciences ridiculed the 
idea. Sir Humphry Davy stated that the idea of lighting 
London with gas was too absurd even to speak about. 
ib, A multitude of similar examples, even up to the present 
time, could be given, proving that the mind is not necessa- 
rily strengthened because it has been stored and has success. 
fully passed examinations. The colossal importance now 
assigned to competitive examinations seems, therefore, not 
to be based on facts, but as there are a great number of men 
who obtain a good income by cramming and by examining, 
it will require great pressure from outside influence to 
prevent this system from continuing to expand. 

As regards success in competitive examinations, the prac- 
tical man who can do a thing would stand no chance with 
the crammed man who could not do it. A story is told of 
the late W. Cook, the billiard player, that a mathematician 
once entered his room and talked very learnedly about the 
angles of incidence and reflection, and wound up by saying 
that “no man could be a good billiard player who did not 
thoroughly understand the principles of these angles.” Cook 
Ma replied that he did not know in the least what incidence or 
reflection meant, but he would allow this gentleman to study 
these items during a week on his table, and would then give 
him forty out of one hundred, and play him for a sov. a game. 

If Cook and this mathematician had been tested by a 
competitive examination, as regards their relative knowl- 
edge of billiards, Cook would not have been in it, and the 
| mathematician would certainly have been selected as the 
better teacher of billiards. This leads to the conclusion 
that, wherever and whenever possible, examinations should 
be of the most practical character. 

What we require in every walk of life is practical men 
who can do a thing, not those who can merely glibly write 
or speak about the theories and principles of how a thing 
ought to be done. 
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I have seen too many examples not to know that one 
among the many dangers of cramming, or over-teaching, and 
competitive examinations, is not only a loss of health, but a 
weakening of the brain-power of individuals, which may not 
be prominently shown until some years haveelapsed. Healthy 
out-door exercise and calm reflection, so essential to keep 
the brain efficient, are too frequently sacrificed, in order that 
a quantity of stock knowledge may be packed into the mem- 
ory, with the purpose of passing an examination. This 
knowledge, not having been digested, is soon forgotten, and 
consequently only a temporary benefit is obtained ; but this 
temporary benefit is everything to the crammer, who can 
advertise his successful pupils. At the present time on the 
turf, we do not run our two-year-old horses over a two-mile 
course, with nine stone on their backs. If we did, these 
horses at five years old would not be of much value, either 
for the race course or the stud, yet we adopt such a proceed- 
ing with our youths, and then wonder how it is that men of 
mature years make the most palpable blunders, when it is 
remembered what wonderful so-termed talent they showed 
as young men in passing examinations. 

There can be no doubt among the clearest and most able 
thinkers of the day that examinations are now overdone. 
Candidates are prepared to look out for perpetual complica- 
tions and puzzles, and, like the detectives in Edgar Poe’s 
tale of the purloined letter, seem quite unable to perceive a 
simple truth when it is put before them. 

As an examiner and instructor of over fifteen years’ ex- 
perience, with officers of mature years, and with cadets whose 
average age was about nineteen years, I can speak from ex- 
tensive experience. Itis with the hope that I may check that 
which has developed into a system (not only unsound as a test 
of mental capacity, but also damaging to the active and accu- 
rate exercise of the brain), that I have penned these lines, at 
least as a caution. 
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FOOD-NERVES. 
By T. W. Nuys, F.R.C.S. 


Among the great, whom Heaven has made to shine, 
How few have learned the art of arts—to dine! 
OLIVER WENDELL HoLMEs. 


The question whether food taken shall become really nour- 

| ishment or become poison in a great degree is a question of 

nerve-force. The study of the chemistry of food materials, 

| short of being exhaustive, has been fairly carried out. The 

appropriation of food materials by the organism is not 
merely a matter of chemical change, but is the work of 
agencies more subtle than those at command in the chemical 
laboratory. 

The recent researches in biology have afforded a glimpse 
into an unlimited field for scientific investigation into the 
dominion of the minute. The importance of a given mass 
is not its size, but its potentiality, its capacities. There may 
be more actual wood, weight for weight, in a birch broom 
than in an alpenstock, but the broom would not serve for 
climbing, nor would the alpenstock be suitable for the lowly 
duties of the broom. Bacilli and microbes are minute, but 
nevertheless constitute dangers even greater than standing 
armies. Independent nutritional processes are required to 
be continuous from the date of birth to the moment of death. 
The circulation of the blood—commenced long before inde- 
pendent existence—is the means by which nourishment is 
carried to the tissues of the living body; but the blood must 
be first fed before it can feed the tissues. Digestion and 
assimilation, or the appropriation of what digestion has 
furnished, hold, therefore, a preéminent status; the contin- 
uous activity of these functions is demanded, as they are 
not proper to an epoch only, like the functions of the repro- 
ductive organs. 
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After food material has been landed in the stomach, it is 
impossible that its chemical constitution shall remain un- 
altered, for the stomach being a moist, warm, membraneous 
bag—considered irrespectively of its special endowments— 
hardly any organic substance could long remain in such a 
bag unchanged, and without some rearrangement of its ele- 
ments. Many of the food materials are peculiarly prone to 
decomposition or decay, giving in their decay very obtrusive 
evidence of becoming rotten, while other food materials can 
change so as to assume a different chemical shape without 
undergoing destruction. The special secretion of the salivary 
glands—of which, by the way, there are three pairs, not to 
mention appendages—and of the mucous membrane of the 
stomach, have the property, in a healthy state of the system, 
of determining the changes and metamorphoses that occur 
in the stomach, and of preventing sepsis and decomposition. 

Here steps in nerve-force. Every one knows how mental 
emotion, intense cerebral nerve action, will arrest the ordi- 
nary secretions of the mouth. It is the arrest of the secretion 

: the moisture of the mouth that makes it necessary for the 
“unaccustomed ” orator to have ready before him the where- 
with to wet his tongue and lips. In India, when occasions 
of theft have arisen in a battalion, and it is desired to detect 
the thief, the soldiers are paraded, and into the mouth ot 
each a few grains of rice are put. After an interval, on in- 
spection being made of the rice in the men’s mouths, it is 
found dry in the mouth of the thief, the nervous excitement 
due to the apprehension of being detected having stopped 
the flow of salivary secretions and other moisture of the 
mouth. 

The gastric juice, or special secretion of the gastric mu- 
cous membrane, which membrane is thickly set with tubu- 
lar glands affording this special secretion, is dynamically 
far in advance of the secretion of the salivary glands and 
mucous membrane of the mouth; but the special secretion 
of the gastric mucous membrane is poured out only in 
response to nerve impulses, otherwise there would happen 
in life what is occasionally seen to have happened aiter 


aa 
| 
\ 
| 
| 


Food-Nerves. 279 


death—that is, a self-digestion or solution of the coats of 
the stomach. The nervous stimulus that excites such secre- 
tion may be direct or indirect. The stimulation may begin 
in the stomach, or be the result of a reflex influence from a 
nerve center. 

The nervous system of the digestive apparatus is of great 
extent and intricate arrangement, and of manifold powers. 
The cerebro-spinal and the sympathetic nerve cords combine 
in controlling, guarding and directing the indispensable 
function of nutrition. The first or “ olfactory” nerve— 
counting the nerves as they issue from the skull—detects the 
odor of the food; the second, or optic, appreciates the 
color—by no means an unimportant sensation. As an in- 
stance of the effect of eye-sight on palate sensation, a 
patient who, from the condition of his eyes, was obliged to 
be kept in a dark room, happened to be an habitual smoker, 
and reported that without light to see the smoke of his 
cigar no palate gratification was gained. The great nerve 
called the fifth, gives the senses of taste and touch to the 
gums, teeth and lips, and also gives off the motor branches 
to the muscles of mastication. The seventh nerve is the 
motor to the muscles of the face, and in some degree helps 
the fifth. The eighth nerve sends branches to the back of 
the tongue and tonsils and the tissues round about, and 
from it a large trunk descends to the stomach, picking up 
in its course others from the spinal and prevertebral or 
sympathetic nervous systems; and from the same region of 
the intracranial nervous mass—the brain and medulla 
oblongata—issues a great nerve, the ninth, the motor nerve 
of the tongue and its associated muscles. By the move- 
ment of the tongue the food is favorably placed for masti- 
cation and deglutition, or the act of swallowing; during 
which act the edges of the tongue are moved backward 
against the tonsils and the greater surface of the tongue is 
pressed against the palate, and thus the appreciation of 
flavor is intensified—as one estimates the coarseness of a 
powder by rubbing it between the finger and thumb. The 
movements of the tongue have thus an intervening and 
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important share in the fitting of the food for introduction 
into the stomach. 

Where the tongue has been entirely removed by surgical 
operation, say for cancer, the act of swallowing is, under or- 
dinary circumstances, possible, but the mobility of the tongue 
may be usefully active under very adverse conditions. Ina 
man in whom “lupus” had eaten away the upper lip and 
nose, and had utterly destroyed the palate and upper jaw, so 
that a huge chasm only represented the space between the 
tongue and floor of the mouth and the skull between the 
eyes, swallowing was made possible by the tongue. When 
suitably prepared food was placed upon it, the top of the 
tongue, curving in the reverse manner in which an elephant 
curves his trunk, seemed to seize the food by bending up- 
ward and backward, and the morsels were handed over to 
the gullet to be swallowed. This person, it may be added, 
declared he could distinguish the flavor of one kind of food 
from that of another. 

It may be stated that in the humblest organic forms pos- 
sessing a distinct nervous system, the nerve-mass is situated 
at the aperture for food. This proximity of the nerve center 
to the mouth may be taken as the key-note of the relation 
between the nervous and digestive systems. In man, the 
highest of the vertebrata, the blood-vessels distributed to 
the digestive system are surrounded by nerves derived from 
the vaso-motor system, nerves already alluded to as sym- 
pathetic and as prevertebral—from their situation outside 
and in front of the vertebral column in place of being within 
the spinal canal—and comparative anatomy teaches the grad- 
ual development of the sympathetic nervous system along 
with the increasing complexity of the other organs. 

The nature of the food required by man depends on the 
climate in which he lives. To maintain the normal temper- 
ature of the body under varying conditions of climate, there 
must be supplied those kinds of food-stuff which most liber- 
ally yield the heat-making elements to the blood. The 
proximal constituents of the food of a Greenlander are 
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required to be very different from those which suffice for an in- 
habitant of the Soudan. The human being, in common with 
some other animals, can, however, exist on very various food 
substances. Man has the desire to make his food various in 
flavor. He aims at changes in the impression on his nerves 
of taste and smell, at least. The graduations in this respect 
from the absolute savage, who will eat his neighbor raw, to 
the fastidious epicure, would form the subject of an interest- 
ing treatise on gastronomy ; a work, in fact, of comparative 
food preparation. Instinct at first, perhaps, points the way 
in the search for fresh impressions on the gustative faculty. 
Let it be clearly understood that without stimulation of the 
nerves of the tongue and the palate no secretion of saliva 
will take place, and that without saliva food, other than 
liquid food, could not be swallowed, neither could the diges- 
tive process be completed. 

It may be incidentally mentioned that the quantity of the 
daily demand for saliva is much larger than would be 
guessed ; to afford this quantity the salivary glands must be 
aroused from the almost dormant state which, fortunately, 
they chiefly maintain, since it would be very inconvenient 
were the slavering of the infant to continue through life. 
To awaken this function of the salivary glands to full 
activity, the stimulation of the gustatory and other nerves 
is the means. The resort to condiments is one of the devices 
for stimulating these nerves; going beyond the maxim that 
“hunger is the best sauce,” condiments mark a stage in civil- 
ization. Salt is the universal and favorite condiment, and as 
it supplies something that is essential to the blood, it stands 
in a unique position among condiments. Hunters in the far 
West know that if they lose their supply of salt, the finest 
venison can hardly be swallowed. So necessary is it for the 
palate to be stimulated by something beyond a monotonous 
food. 

The various modes of preparing and cooking food have 
been invented with the aim of accommodating the flavor ot 
the food to the instinctive longings of the palate. The primi- 
tive essay in cookery, namely, the conversion of raw flesh 
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into roasted meat by the action of heat, with the coagula- 
tion of the albuminous and fibrinous elements of the inmost 
part and a disintegration almost to burning of the outermost 
part, causing the development of some volatile empyreumatic, 
which appeals more or less agreeably to the palate and sense 
of smell is, in effect, the manufacture of a condiment. Cook- 
ing should be considered a branch of practical physiological 
chemistry, and duly recognized as such. 

Among condiments alcohol must be reckoned. It is a 
pluralist condiment, however, and—it goes without saying— 
is a dangerous condiment in more senses than one. A good 
deal that has been said about alcohol might be urged against 
other condiments. Mustard, for example, if largely mixed 
with water and freely taken, produces vomiting and occa- 
sionally inflammation of the intestinal mucous membrane. 
Salt,even under circumstances when not counterbalanced by 
vegetable juices, induces a disease of hideous type. In re- 
spect of alcoholics, the result of their employment depends 
on the quantity and quality taken. Alcohol given quickly 
in large doses is a deadly poison. Diluted alcohol taken 
slowly and repeatedly during the day irritates the mucous 
membrane of the stomach and secondarily the neighboring 
organs, and does violence to the delicate tissues. The 
nearer the fluid is to “absolute” alcohol, the more inju- 
rious it is likely to prove. But the combination of alco- 
hol with other substances—besides water—modifies its 
effect in some instances for the better, in others for the 
worse. In looking through a pair of spectacles, the glasses 
of which are tinted with one metal, the world seems of a 
fire tint, with another metal the world seems cold and 
ghastly, frozen and dead. Infinitesimal quantities of added 
matter, so to speak, alter the properties of the man. The 
domain of the infinitely minute is a broad one. It was lately 
stated at a scientific meeting that a single drop of ether 
thrown on the floor of the laboratory, would entirely prevent 
the success of experiments illustrative of certain electrical 
phenomena. A pin-hole in the door of a photographer’s 
“developing ” room will ruin his freshly taken plates. 


as 
— 


Food-Nerves. 283 


The chemistry of wine and other liquids in which vinous 
fermentation has taken place, has been little studied in rela- 
tion to physiological action. The changes which occur 
under given conditions in the conversion of grape-sugar and 
water into alcohol and carbonic acid while in contact with 
other substances, give as a result a fluid of unstable char- 
acter. Altering the temperature and the degree of free- 
dom of access of air, very different products will appear, 
ether and acetic acid among the number, both of which 
yield physiological effects different from alcohol uncom- 
bined with either. The immediate effect of alcoholics of a 
certain strength is to stimulate the palate, the sense of 
taste, and perhaps the mucous membrane of the stomach. 
The next step is due to absorption of the alcohol by the 
stomach and its entry into the blood. By the blood thus 
contaminated the nervous centers are influenced, which in- 
fluence reaches from the favoring of a greater activity to 
actual inhibition. 

A distinguished physician, writing in one of the magazines 
a few years since, expressed the opinion that the use of alco- 
hol and water was the best and simplest way of giving an 
alcoholic stimulant. Now, bearing in mind the modification 
of result due to minute additions to simple solutions or com- 
binations, the dictum of the writer above indicated is open to 
question. The use of alcoholics is a matter not of quantity 
only, but of quality. The quality may be deteriorated by 
sophistication or by chemical changes going on in the fluid. 
One of thesé changes is a production of acetic ether and acetic 
acid at the expense of the alcohol. The influence of the state 
of the nervous system on the digestion and assimilation of 
food should be thoroughly recognized. 

Neglect to satisfy the demands on the nervous system in 
the nutritive processes carries heavy penalties. The amount 
of the nervous force producible by the nervous system is not 
unlimited, and if this is exhausted the digestive processes 
are obstructed or impeded. When great fatigue has been 
endured, or intense nervous excitement has been undergone, 
sufficient nerve-force is not left. The nerve-force being 
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reduced to a residuum, the digestive capacity of the stomach 
is unequal to its duties, lacking the support of nerve-force ; 
therefore, it is wise, under such circumstances, to take a very 
light meal, and to rest after the meal. 

By rest the nervous system is recuperated. During the 
state of repose the great nerve centers feed upon nutritive 
material that has been stored in the blood and tissues. Then, 
when the organs are again in a state of full functional activ- 
ity, the ordinary meals may be taken. There are some 
anomalies or idiosyncrasies of digestion that are parallel to 
anomalies of respiration. Asthma of a certain kind will be 
induced in some persons by the scent of flowers that others 
will enjoy. The inhibition or the impeding of digestion, 
with poisonous consequences, will fe'low the taking of some 
common articles of food which the majority of persons can 
take without prejudice. It may be that there is, under such 
circumstances, the development of an organic poison, or that 
the noxious material paralyzes the gastric nerves. 


THE RAILROAD IN ASTA. 
By Morris. 


The drowsy Orient has at length been invaded by what we 
may term the Great Awakener of the nineteenth century, 
and is beginning to gaze in wonder through sleepy eyes upon 
this marvel of the uneasy West. The railroad in Asia, out- 
side the limits of British India, is one of the newest of facts. 
Ten years ago it was little more than a bare conception. To- 
day it is a thing accomplished—on a small scale, it is true; 
but it has come to stay, and the iron horse has become one 
of the genii of the land of the Arabian Nights. 

China, with its enormous population, its active industry, 
its great wealth of products and want of ideas, was naturally 
the first land to which occidental enterprise turned its atten- 
tion, in the matter of railroad building. It proved to be the 
most obdurate. To build a railroad over Chinese soil might be 
asmall matter; to build a railroad through Chinese prejudice 
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was likely to prove a large one; and for twenty years civili- 
zation has been knocking, almost without effect, at the door 
of the great kingdom of Cathay. 

The Chinaman is not slow through natural dullness ot 
apprehension. His mind is merely preoccupied through a 
vicious system of education. For centuries the thoughts of 
the dead past have been poured into his brain till there is 
little room left for the ideas of the living present. But he is 
not dull to the question of material advantage, if once he can 
be made to see it, and it is not improbable that, as a result 
of the present war, he may become as ready as his brother 
of Japan to accept western ways and means, if not western 
thoughts and sentiments. 

As regards the railroad, the struggle with Chinese conser- 
vatism has beenasevereone. The advocates of the iron road 
have had to deal with a layer of prejudices thirty centuries 
deep, in which old saws are of infinitely more consequence 
than modern instances. European and American railroad 
syndicates have been led on for years past by tantalizing 
hopes of success, through the astute indirectness of Chinese 
diplomacy, which is an adept in the art of holding out prom- 
ises with one hand and withdrawing them with the other. 
Yet despite a stubborn unwillingness to try the experiment, 
the advantages of railroad traffic have slowly penetrated the 
astute official mind of the Celestial Kingdom, and the iron 
highway has at length gained a partial admission to Chinese 
soil. 

The first step in this direction was taken in 1876, when 
some English capitalists of Shanghai laid, without official 
sanction, a short experimental line from that city to Woosung, 
a distance of about ten miles. This railway was very well pa- 
tronized by the people, but proved a serious eyesore to the 
officials, who had been deceived in its building. The Taouist 
priests also bitterly opposed it, on the plea that its wicked 
roar and rumble would trouble in their graves the dead 
who lay sleeping beside its path. It could have been legally 
torn up, for it had been illegally laid, but international dif- 
ficulties might have arisen, and the authorities chose to deal 
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with the problem in a less aggressive fashion. In 1877 they 
purchased the road, and immediately stopped its operation. 
Eventually the whole thing was torn up, root and branch, 
rail and sleeper, and the road and the difficulty were stored 
away to rust and rot together. 

The next step in railroad building was taken in a similarly 
surreptitious manner. Of the many coal mines in China, 
only one series was worked by English engineers and with 
improved machinery. These were the mines at Kaiping and 
Tongshan, in northeastern China. The engineers in question 
were not content with the ordinary Chinese method of carry- 
ing coal to market—in wheelbarrows, steered by coolies and 
drawn by donkeys. They preferred some more expeditious 
method, and asked the government for permission to build a 
railroad to Hokou, on the Pehtang, a river ten miles north 
of the Peiho—a distance of twenty-seven miles. This request 
was unhesitatingly refused, the only permission given them 
being to dig a canal to the waterway. This they did as far as 
it was available, but seven miles of high land remained, over 
which the canal could not profitably be extended. By a 
second humble petition to the government they gained per- 
mission to builda tramway for this distance, the government 
carefully avoiding the use of the word “railway,” and ex- 
pressly stipulating that only horses and mules should be used 
on it. 

The tramway was built—and when finished proved to be 
a very efficient: steel-clad railway. The only kind of horse 
the engineers had any private thought of using was the iron 
horse, ‘and they built a locomotive secretly in their shop, out 
of odds and ends of railroad material which they had got 
together. This locomotive when finished was a rough-look- 
ing affair, but had been built by men who knew their busi- 
ness, and proved very serviceable. It made its first run in 
1881, and continued to run despite the occasional hostile ful- 
minations of the government. The mine was in a remote 
district, far from the principal highways. News moved there 
slowly, and no official visited the spot to see for himself how 
far the government orders had been evaded. The locomotive 
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continued to run, and the daring engineers afterward imported 
two others and placed them on the road. 

A railroad having been thus smuggled into China, and no 
convulsion of nature having occurred in consequence, the 
government made no objection to its later extension to the 
river, and the original seven miles became twenty-seven in 
1887, the extension being built of materials brought from 
England. 

Here was an object lesson of which any wide-awake China- 
man could not fail to see the advantage, and the next step 
of railroad development was taken by the government itself, 
it being due to the intelligence of Li Hung Chang, viceroy 
of the province of Chihli, who proved to be that rara avis, 
an educated Chinaman with modern ideas. 

In 1888—a date to be remembered in connection with the 
history of the railroad—the Chinese government took the 
initiative, and ordered the extension of the Kaiping road to 
the large city of Tientsin, a distance of eighty-seven and a 
half miles. The route selected passed through the seaport 
of Taku, at the mouth of the Peiho River, and the road 
was completed by the autumn of 1890. This first author- 
ized railroad in China presented some, but no very difficult, 
engineering problems. There are in its course about fifty 
bridges, one of them of iron seven hundred and twenty feet 
long. The road was built by Chinese labor, under English 
superintendence, and worked by European engineers and 
officials, though owned by the Chinese government. The 
business of the original road had been confined to the haul- 
ing of coal, but passengers and freight alike are carried on 
this road, which has become a profitable and popular enter- 
prise. 

The only Chinaman who seemed fully awake to the im- 
portance of introducing the railroad into China was the far- 
seeing Li Hung Chang. His efforts met with the strongest 
opposition from officials, priests, the Board of Censors, and 
the Empress Dowager, who were all deeply infiltrated with 
the ancient Chinese prejudice against innovations. His only 
powerful ally was Prince Kung, uncle of the youthful em- 
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peror. The viceroy, however, was persistent, and his influ- 
ence at court grew. His first great success was with the 
telegraph, which, fostered by him, has extended, until now 
there is a network of about ten thousand miles centering in 
Peking, and extending to the great commercial and impe- 
rial cities of the empire. The system has now been con- 
nected with the Russian telegraphic system, and messages 
can be sent from China to all parts of the world. 

The ordering of the Tientsin railroad was quickly fol- 
lowed by a government decree that it should be extended to 
the river port of Tungchow, thirteen miles from Peking. 
This extension, however, was abandoned through official 
opposition. In 1889 the progressive viceroy succeeded in 
obtaining a decree for a much more ambitious project, that 
of a railroad from Peking to Hankow, on the Yang-tse- 
Kiang River, a distance in a direct line of about seven hun- 
dred miles. Chang Chi Tung, the viceroy of Honan, was 
ordered to build it—the work to be begun at both ends. 
Unfortunately for this project Ileaven, the official deity of 
China, declared itself against it. The Yellow River over- 
flowed its banks in a terrible inundation. The temple of 
Heaven at Peking was burned. The priests affirmed that 
these disasters were due to that vile invention of the enemy 
of mankind—the railroad. Superstition proved stronger 
than viceroyal influence and the order was revoked. 

Yet Li Hung Chang has since then persistently pushed 
his schemes of progress, and has gained ground with the 
authorities, even the Empress Dowager having been brought 
into sympathy with his plans. He has constantly presented 
the claims of the railroad from both military and commer- 
cial points of view, and has, to some extent, penetrated the 
dense wall of Chinese conservatism. As a result of his efforts 
the project of a southward coast road toward Shanghai is 
entertained, and the road to Hankow is again being con- 
sidered. The Tientsin road is being extended to Shan Hai 
Kwan, at the sea end of the great wall of China, with the 
purpose of continuing it from that point into Manchuria. 
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Such is the status of railroad building to-day in the great 
empire of China; the only roads in active operation being 
that from Kaiping to Tientsin, and a road of seventeen miles 
in length built in 1890 in the island of Formosa, whose gov- 
ernor is a supporter of Li Ilung Chang’s views. The lack 
of progress has been partly due to the wish of Chinese states- 
men that the roads shall be built by Chinese capital, and of 
steel rails manufactured from Chinese iron in Chinese furnaces. 
They have been moved by a praiseworthy desire to avoid 
foreign debt, and though acknowledging the military value 
of railroads, could not see in the near future any immediate 
danger of war, or need of undue haste; but the war has 
come—unexpectedly and disastrous] y—and China is likely to 
pay dearly for her short sighted policy. Tad Li Hung 
Chang’s projects been carried out the Celestial empire might 
have been in a very different position to-day from that of 
crouching at the feet of her island foe. Troops and munitions 
of war could have been hurried from the center of the empire 
to Peking, and dispatched with rapidity into Manchuria, 
the seat of the war, toward which the viceroy’s far-seeing 
eyes have long been turned—though his desire for military 
protection was directed against Russia, and took no heed of 
Japan. It is very probable that, had China military railroads 
extending into Manchuria, the Japanese armies might have 
had avery different problem to deal with. And it is equally 
probable that the present war will teach China a sharp and sal- 
utary lesson, and that the future of railroad enterprise in that 
ancient empire will be in decided contrast to its past history." 

In Japan the railroad has met with no impervious wall of 
prejudice and superstition. Railroad building began there in 


1 In this connection the following item of newspaper information is of inter- 
est: “Since the capture of Port Arthur Li Hung Chang has secretly reported 
to the Government of Peking his inability to check the advance of the Japanese 
armies. In his report he deplores the want of railroads more than the lack 
of troops, thus getting even with the censors who formerly frustrated his 
schemes for the development of the resources of the empire. Chang Chi 
Tung, the new viceroy of Nanking, is very active, and is making extensive pro- 
jects for the reformation of the empire. Among his plans is the construction 
of railroads to Shanghai, for the purpose of opening up the Nanking trade.’ 
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1869, and has since then steadily grown. The roads were at 
first of English construction and management. The engines 
are still imported, but are now run by Japanese. Railroad 
building in recent years has gone on with encouraging rapid- 
ity. By the year 1889 there were nine hundred miles of 
road open to traffic. The total length in 1893 was one thou- 
sand eight hundred and sixty-four miles, half of it built 
within four years, and the work goes actively on. 

Nowhere in Asia, outside of China, has railroad building 
been hindered by superstitious fears or the self-sufficiency of 
presumed superior knowledge. The slowness of its progress 
has been due to supineness rather than to prejudice. India, in- 
deed, cannot be included in this category, for there the roads 
are all English enterprises, and have been constructed with- 
out regard to native opinions, though their operation must 
have considerably modified these opinions. In British India, 
in 1893, there were in use seventeen thousand nine hundred 
and eighty-three miles of railroad, with two thousand three 
hundred and seventeen miles under construction. Ceylon 
had, in all, over two hundred miles of railroad; Java and 
the Dutch possessions about eight hundred and fifty miles; 
the Malay States, fifty miles; and Cochin China, fifty-one 
miles. Siam had fourteen miles in use, and over three hundred 
under construction. 

If we turn again to the distinctively Asiatic States, those 
free from European control, it is to find two in which the 
supineness of barbarism has proved as effectual a check to 
progress as more active mental obstacles elsewhere. Persia, 
of old among the most alert of Asiatic civilizations, is to-day 
the most dormant. The Persian King, indeed, has made visits 
to western Europe, “ riding on the rail,” and seeing count- 
less wonders of occidental civilization, but he seems to have 
returned to his own country as empty of progressive ideas as 
he came, and his only effort to emulate the marvels of western 
engineering has been in the building of a nine-mile toy rail- 
road from Teheran to Shah-abdul-azim, which was opened in 
July, 1888. There is another short road, built by Persian 
capitalists, for commercial purposes, from Mahmudabad, on 
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the Caspian, to Barfurush and Amol, a distance of twenty-one 
miles. These two short lengths comprise the present railroad 
mileage of Persia. They have the one merit that they were 
built and are operated’ by Persians, no Europeans being 
employed upon them. The Persian King, however, is said to 
have pledged himself that no more railroads shall be built in 
his kingdom during the present century. The neighboring 
kingdom of Afghanistan has still less to boast of in railroad 
enterprise than Persia, its length of road being estimated in 
yardage instead of mileage. Its only road is one connecting 
the Amur’s palace with Baugh-e-alum Ghuzni, fifteen hun- 
dred yards in total length. 

In Turkey, the contiguity to Europe, and the influence 
of European engineers, have given rise to more activity in 
railroad building, though without this influence the Sublime 
Porte would probably have remained sublimely content with 
existing conditions. The Asiatic roads of the Turkish 
empire have been built within « few years past, their total 
length being nearly one thousand miles. Asia Minor has 
four roads branching from Smyrna, one running to Dinair, 
two hundred and thirty-four miles; one to Alashar, one 
hundred and five miles ; one to Odemish, sixty-eight miles, 
and one to Sevedikeni, nine miles. Another road runs from 
Mersina to Adana, forty-two miles, and one from Mondania 
to Broussa, thirty-two miles. But the most important rail- 
road enterprise is the road recently completed from Scutari 
to Angora, the capital of Anatolia, a distance of three hun- 
dred and sixty-five and one-half miles. Of this the section 
from Scutari to Ismid, fifty-seven miles, has been for some 
years in operation; a second section, from Ismid to Adaba- 
zar, twenty-five miles, was opened to trade on June 2d, 
1890, and the whole road is now in operation. It is about 
to be extended by German capitalists from Angora to Cr- 
sarea. This is an enterprise of no small importance. Con- 
stantinople is already connected with western Europe by a 
trunk line of railroad. The road to Angora and beyond 
carries this continuous line far toward the head of the 
Euphrates valley, and it may before many years have elapsed 
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be extended to Bagdad and the head of the Persian Gulf. 
Such a road will be of inestimable advantage in carrying 
civilization into the heart of the Orient. 

Syria and the Holy Land are being invaded by the iron 
horse. A concession was granted May 13th, 1820, by the 
Sultan, for the building of a railroad from Damascus to the 
seaport of Acca, on the Bay of Acre, the trunk line to be 
one hundred and fifteen miles long, with several branches. 
This is being completed with the aid of English capital, its 
terminus to be Haifa, on the southern part of the same bay. 
Another concession was granted to build a road from Jatta 
to Jerusalem, fifty-four miles long, with branches to Nablous 
and Gaza. This was opened to travel on September 26th, 
1892. The locomotive has thus become the mailed crusader 
of modern times. There are other railroad projects in Asia- 
tic Turkey, all of them indeed due to Western enterprise, 
but when the iron monster thunders right and left through 
the valleys and over the hillsides of this long dormant 
region, even the Turk must awaken to the question of 
material advantage, and the spirit of enterprise make some 
entry into the locked chambers of his intellect. 

We have so far confined our attention to the native States 
of Asia, with a mere glance at the British and other Euro- 
pean dominions in the southeast. There is another very 
important European dominion in Asia, that of Russia, which 
needs to be treated at greater length. This comprises what 
has been for ages the most unprogressive section of the 
whole great continent, the very home and hauut of nomadic 
barbarism. It is singular, indeed, how closely the Russian 
accessions in Asia have been confined to the realm of 
ancient barbaric dominion, the nucleus of the empires of 
Genghiz Khan and Tamerlane, while in all the countries so 
far mentioned something approaching civilization has for 
ages existed. Siberia, Mongolia and Turkestan have con- 
tinued the realm of the nomad and the breeding place of 
barbarian aggression, whence for many centuries tlowed suc- 
cessive waves of conquest over Europe and Southern Asia. 
On this broad land Russia has now laid her hand in strong 
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repression, and over it she is beginning to extend the iron 
fetters of the railroad. The dominion of Russia in Asia is 
as yet largely a military one, and railroad progress in this 
new empire has been dictated by military much more than 
by commercial considerations. But the Russians are very 
far from being blind to the advantages of trade and com- 
merce, and their railroads so far built have developed a 
very promising volume of traffic. 

The great achievement of Russian railroad building in 
Asia up to the present time is that of the extensive Trans- 
caspian road, which penetrates from the borders of Europe 
into the very heart of Turkestan, extending from the Caspian 
Sea to the long-sealed and mysterious city of Samarcand, 
the ancient capital of Timur the Tartar—the Tamerlane 
of history—in whose long silent streets already is felt a 
restless stir, the first faint echo of the coming roar of civil- 
ization. Not many years have passed since all we knew of 
this realm of steppe and oasis was the sparse information 
brought back by adventurous travelers, who penetrated the 
land disguised as Mohammedan dervishes. In addition we 
had complaints from Persia of the invasion of its provinces 
by fierce Turkestan horsemen in quest of slaves and plunder. 
Then came the Russian invasion and conquest, and the long 
reign of untamed barbarism was at an end. With the es- 
tablishment of Russian dominion the era of the railroad in 
barbaric Asia began—a new and more powerful beast of 
burden having come to replace the camel, the time-honored 
“ship of the desert.” In 1880, a narrow-gauge road was ex- 
tended from the Caspian over the steppes, which after the 
conquest of Merv was continued to the oasis of Akhal Tekke. 
The ancient method of progression, however, was not yet 
ended, this road being at first operated by camels, in- 
stead of locomotives. This method of travel did not long 
suflice for the growing demands of Russian trade, and in 
1885 the emperor ordered that the narrow-gauge should be 
replaced by a broad-gauge road, which should be extended 
to Samarcand, and completed within three years. 
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This was no minor project. The road ordered was to be 
nearly one thousand miles long, and to be built over a water- 
less desert, in which the engineering difficulties of ordinary 
railroad building were replaced by the necessity of conquer- 
ing that restless enemy of the engineer, the shifting sand, 
and of supplying water for thirsty laborers and locomotives. 
The task, however, was accomplished within the period 
named, the completed road being opened to traffic on May 
27th, 1888. The main purposes of this road were military. 
Connecting, via the Caspian, with the railroad system of 
Russia in Europe, it furnished a ready means of throwing 
an army into the heart of Asia, for repressive or aggressive 
operations, as might be needed. It was constructed under 
the directions of General Annenkoff, who added to his mili- 
tary experience effective engineering ability, and overcame 
the natural difficulties of the way with much of that auto- 
cratic decision with which Napoleon overcame the Alps. 

The Transcaspian Railroad has its western terminus at 
Usun-ada, on the southeastern shore of the Caspian, opposite 
the important petroleum district of Baku, in European 
Russia. It extends by way of Kizil Arvat, Merv, Charjui, 
on the Amu Daria or Oxus River, and Bokhara, to Samar- 
cand, crossing eight hundred and ninety miles of desert. 
The route lies over two immense steppes, waterless and scorch- 
ing hot in summer, the lack of water and superabundance of 
sand being the main engineering difficulties, the wind having 
an awkward inclination to bury the rails beneath a blanket of 
moving desert soil. To supply the workmen with drinking 
‘water, condensers were employed, and the salt water of the 
Caspian"thus made fresh. This was conveyed in tuns over the 
completed portions of the road to the working parties, which 
comprised in all about twenty-five thousand men. To make 
a stable foundation for the road, salt water was poured on the 
sand and this mixed with clay. The difficulty of the drift- 
ing sand was partly got over by planting along the line of 
the road the steppe-scrub, a sand-loving plant which seems 
to flourish without need of water. The first steppe proved 
the worst, and the labor became pleasant when the oasis of 
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Akhal Tekke was reached. The Oxus River was crossed by 
a great wooden bridge, supported on an island in the middle, 
and claimed to be the longest in the world. It is by no 
means solidly or strongly built, however. 

In the operation of this road petroleum is used as fuel, 
the oil wells at Baku furnishing an inexhaustible supply. 
The carriages are of mixed classes, some of them being two 
stories in height, each story of a different class. One sin- 
gular fact connected with the road is that some of the sta- 
tions are miles from the line. The station at Bokhara, for 
instance, is ten miles distant, while the Samarcand terminus 
is five miles from that city. The Russians have some mili- 
tary purpose in this. Possibly, also, they do not deem it 
expedient to shatter too suddenly the prejudices of their 
new subjects. The Central Asiatics are not in love with the 
railroad. They regard it as a device of Shaitan, the evil 
spirit. Yet they are growing accustomed to the “ fire cart,” 
as they call it, and beginning to find it a very convenient 
son of sin. Possibly it may seem to them a just retribution 
on the evil one to make this fiery Satan haul their grain to 
market. 

The Transcaspian road, indeed, promises to be of inesti- 
mable value in the industrial development of Central Asia. 
Already in 1889 its equipment included one hundred and 
ten locomotives and one thousand two hundred carriages, 
and these proved greatly insufficient for the traftic offered. 
General Annenkoff stated in 1889 that the net profits of the 
road to that time were $20,000,000, and that 72,000,000 
pounds of cotton had been transported. Since then the in- 
crease has been steady, and the road promises to give a great 
impetus to cotton growing in the oases of Central Asia. 
The time of the journey from the Caspian to Samarcand is 
stated to be sixty-six hours, and that from St. Petersburg 
ten to twelve days. 

An extension of this road from Samarcand to Tashkent 
is contemplated. This will not run in a straight line, but 
will traverse the cultivated districts of Khojent, in order to 
approach the projected railroad system of Ferghana and the 
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oil basin of Turkestan. These are not the whole of General 
Annenkoff’s railroad schemes. Tle advocates the building 
of a road northward to connect the Central Asiatie with the 
projected Siberian system, and also an extension southward 
to the borders of India. 

These performances and projects are of startling signifi- 
eance. ‘To send the iron horse careening across the empire 
of barbarism and rushing into the very metropolis of super- 
stition, to disturb the silent centuries of the orient with the 
scream of the steam whistle, and to gridiron nomadic 
Turkestan with steel rails, are no every-day achievements, 
and it almost takes one’s breath away to think of stations 
and time-tables in connection with the stronghold of orien- 
talism, the long-abiding homestead land of the terrible 
Tartar. This son of the desert is destined to be civilized 
despite himself, and to be taught the arts and ideas of the 
west by the irresistible logic of steam and iron. Truly, noth- 
ing of greater promise than this railroading of Asia has been 
performed of recent years. It signifies the breaking down 
of the millenial isolation of Asia; the stern repression of its 
warlike spirit; the development of its industries; the un- 
foldment of its intellect, and its invasion by books, 
machinery, political economy, socialism, science, and all the 
multitudinous arts and isms which now lift the West so 
loftily above the East in all the elements of human progress. 

We have still to speak of the greatest of all Asiatic rail- 
road enterprises, and one which will vie with the most ex- 
tensive feats of railroad engineering, the Transsiberian Rail- 
road. The original form of this project was the design to 
lay across the continent of Asia a continuous line of rail, 
four thousand two hundred miles long, with branches bring- 
ing the total length up to four thousand nine hundred and 
fifty miles. The state of Russian finances, however, checked 
this ambitious scheme, and in November, 1890, it was an- 
nounced that a less costly plan had been adopted, and that 
the road as first constructed would be a combination of rail- 
way and waterway. As remodeled, the length of rail be- 
tween Tomsk eastward to the Pacific port of Vladivostock 
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was to be one thousand nine hundred and sixty-seven and a 
half miles, the remaining distance being covered by naviga- 
ble rivers and lakes of Siberia. 

Tomsk, it is true, lies far eastward from the western border 
of Siberia, but a long reach of navigable waters on the Obi 
and Irtish Rivers brings it within effective reach of the Ural 
Mountains. An important branch of the road in this region 
is already finished, running from Perm in European Russia, 
to Tyumen on the Irtish, whence steamers ply to the Sibe- 
rian towns of Semipalatinsk, Barnaul and Tomsk. The 
European terminus of the road will, however, as now de- 
signed, be at Samara, on the Volga. This town is particu- 
larly suited to be the starting point of the Siberian railroad 
system, from the fact that a great iron bridge, the longest in 
Europe, crosses the Volga here, and thus establishes all-rail 
connections with the general railroad system of Russia. The 
other important towns on the Volga have at present to trust 
to ferry connections. No less important is the tact that a rail- 
road already exists from Samara to Ufa, three hundred and 
twenty miles eastward, and that this Samara-Ufa road is 
now being extended to Zlatoust in the Ural Mountains, on 
the Siberian border. From Zlatoust the distance to Tyumen, 
on the Irtish, is but a few hundred miles, and the closing of 
this gap will give continuous rail-and-water-way from St. 
Petersburg to Tomsk. 

Such was, until recently, the state of the Transsiberian 
railroad. The road from Tomsk eastward as yet exists on 
paper only. . As projected it was to run from Tomsk to 
Irkutsk, a distance of over one thousand one hundred miles. 
From Irkutsk the route was to be by water on Lake Baikal 
to Mysowaia on its eastern shore, whence a railroad would 
run to Stretensk on the Shilka, a branch of the great Amur 
river. From Stretensk there would be an extensive steam- 
boat link, down the Shilka to the Amur, down the latter 
stream to the mouth of its southern affluent, the Usuri, and 
up the Usuri to Grafskaia. From this point a short line of 
rail would reach the eastern terminus, at the port of Vladi- 
vostock, on the Sea of Japan. 
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This plan, however, has been more recently revised, an 
increased length of railroad being contemplated, the line to 
run around the southern shore of Lake Baikal, while the 
Viadivostock section is to start from the Amur. This sec- 
tion was begun on June Ist, 1891, with the laying at Vladi- 
vostock of a memorial tablet by the Czarewitch—who had 
been made president of the enterprise—in commemoration 
of the opening of the first portion of the road. The route 
up the Usuri, two hundred and fifty-eight miles long, is well 
advanced, its first section, sixty-three miles long, to Nicolsk 
having been opened in September, 1892. It is expected that 
the whole road will be finished by 1905. 

A southern route has been chosen for this important un- 
dertaking, alike to avoid the forest region and the hostility 
of the natives of the north, and to take advantage of the 
agricultural wealth of southern Siberia. The product of the 
extensive wheat lands of that region will probably in the 
future be very great. In addition, the road will pass through 
the rich mineral district between Lake Baikal and the Amur 
River, whose treasures of natural wealth include an abundance 
of petroleum. 

The commercial value of the road must, in fact, be im- 
mense. In addition to the Siberian traflie with Europe, 
which will be extensive from the start, and promises to in- 
crease abundantly in the future, the road will stimulate an 
important trade with China long before its completion. So 
far as relations with China are concerned, however, commer- 
cial traffic is not the leading purpose of the Russian govern- 
ment. The road has a strong military outlook in the direc- 
tion of the Celestial Kingdom. China does not forget that 
Russia gained possession of the rich Amur region by the 
piratical method of seizure, and her Manchurian railway 
projects may have, as a leading design, the recovery of this 
province, of which she was unceremoniously robbed. Russia 
however, is not good at letting go, and the Transsiberian 
Railroad is an effective measure to provide against any hostile 
movement of China in that direction, while its extension to 
Viladivostock has in view the defense of that highly import- 
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ant Pacific outlet of Russia in the event of war with an 
European power. It may be said, in conclusion, that the 
road as now contemplated will be closed six months of the 
year by the freezing of the Siberian rivers, and that an all- 
rail road must eventually be built. The time from Moscow 
to the Pacific, by river and rail, is estimated at from thirty 
to forty days; by all rail, fifteen days. 

The remaining railroads in Russian Asia comprise a road 
from a point on the Black Sea to the petroleum district of 
Baku, on the Caspian, and one now building from Vladi- 
kaukas, north of the Caucasus range, to Tiflis on the south, 
a length of about two hundred and seventy miles. 

The Russian railroads in Asia are destined to be of the 
utmost future importance in both military and commercial 
directions, and to play a leading part in the coming history 
of that continent. By the aid of the Transcaspian road, 
with its connections with the European system, the Russian 
army can be quickly concentrated in force on the borders of 
Afghanistan, in readiness to be poured into India in the 
event of any future war with England. It will be of equal 
advantage in aiding any Russian projects for the acquisition 
of more territory in Central or Southern Asia, and in keep- 
ing the Turkoman population of the steppes in peaceful sub- 
jection. Commercially it gives Russia an immense advan- 
tage in its competition with England and France for the 
markets of Central Asia, and must lead to a great develop- 
ment of the material resources of the oases of Turkestan, 
and particularly of the cotton culture, which is now being 
actively pursued in Turkestan and Ferghana. That a 
demand for European wares will grow up among the Asia- 
tic agriculturists is beyond question, and the energetic desert 
nomads, having lost their favorite amusement of war and 
pillage, may join the inhabitants of the oases in gaining 
new ideas, habits and industries when the iron web of the 
railroad has been stretched far and wide through their 
country. 

The Transsiberian road can be of no less utility from 
both points of view, that of enabling Russia to control its 
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restless population in Siberia and the steppes and to hold a 
continual threat over China, and that of inducing a rapid 
growth of population and an immense development of agri- 
culture and mining in Siberia, and opening a great overland 
trade with China. 

The railroad in Asia has come to stay. Nearly all that 
las been done, outside of India, is the work of the last ten 
years, and in great measure of a still briefer period. Already 
the results have been great, while the future is rich with 
promise. The sleeping giant of orientalism is stirring un- 
easily in its bed, and opening its drowsy senses to the shrill 
alarm sound of the locomotive whistle. It is destined to be 
rudely and fully awakened within the coming years, when 
the continent shall become covered with railroads as by a 
great spider web, and the restless spirit of occidentalism 
invade regions which for thousands of years have rested in 
the bliss of ignorance and self-satisfaction. 

For centuries past Western civilization has beaten like 
the waves of a sea on the shores of Eastern barbarism, with 
seareely a breach in their firm barrier. At length the bar- 
rier is broken. The West is forcing itself into the East at 
a hundred points. With the extension of the railroad it 
promises to spread over the oriental world like an inunda- 
tion. New habits and new ideas cannot fail to follow in the 
track of the iron horse, new industries and new conceptions 
to be developed. Gradually hostility must be repressed, 
industry aroused and taught new methods, machinery intro- 
duced, new religious, political and economical ideas pene- 
trate, and the coming generation is likely to see the growth 
of a radical improvement in the conditions of Asiatic com- 
munities in general, perhaps not less marked than that which 
is progressing under our eyes in Japan. It is too soon to 
predict what effect the present war may have upon the 
future of China, but it may almost be said that a railroad is 
equal to a war in overcoming conservative barriers to pro- 
gress and opening a broad highway for the influx of new 
ideas. 


= 


The Amateur in Science. 301 


THE AMATEUR IN SCIENCE. 
By Grant ALLEN. 


It is the tendency of things human to fall into an ortho- 
doxy, and orthodoxy is sleep; banetul though it be, it springs 
from the somnolent instinct in humanity. It means unques- 
tioning acceptance of certain infallible and unassailable dog- 
mas, to doubt which is heresy, and to deny which is to render 
yourself anathema maranatha. 

Most people know that this is so in other things ; but they 
think science is a complete exception. The scientific brain, 
they fancy, is naturally alert, unprejudiced, skeptical. The 
world believes that the man of science proves all things, and 
holds fast to the truth. And it is right in a way, for that is 
undoubtedly the spirit and test of the truly scientific mind— 
of the men who are born, not made, scientists. 

But routine tends always to establish itself in everything, 
and in scientific education no less than elsewhere. The 
human mind is prone to laziness. It is easier to swallow a 
dogma ready-made than to search the Scriptures, like them 
of Berea, seeking whether these things are so or not. And 
the more perfectly organized is your scientific education, the 
more likely is the student to accept without demur the or- 
thodox standpoint. Ie comes to the subject with a mind 
like a sheet of blank paper. He is introduced to a class, 
knowing little or nothing of the matters to be taught in 
it; often enough he has no special ‘call,’ as religious 
people say—no innate impulse urging him toward chem- 
istry, for example, or physics, or physiology; he goes in 
for this thing as a necessary part of his techuical education, 
because his father has decided that he is to be a doctor or an 
engineer, a manager of nitrate works or a manufacturer of 
electrical apparatus. He finds himself face to face with a 
professor who contessedly knows a vast deal more than he 
does about the subject ut issue. Questions are permitted, 
indeed, but only as to details, and they are answered from 
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the standpoint of superior and apparently exhaustive knowl- 
edge. Doubts or objections are not encouraged ; skepticism 
as to fundamentals is treated as hopeless. Science has decided 
things thus and thus; you will find all about it in Joule or 
Clerk Maxwell (you will read to the contrary in Miiller or 
Herrmann); you will see your puerile objections anticipated 
and refuted in Tyndall or Helmholtz. 

Moreover, the pupil, thus grounded, grows up with a be- 
lief that all these things are not matters to be treated as 
debatable and uncertain, to be subjected to scrutiny as true 
or false, but merely as questions to be answered thus and 
thus in examination. This answer “ pays,” that other will 
pluck you. To-day you must be a disciple of Joule, to- 
morrow of Kerner. Now Weismannism is fashionable; now 
this or that other view of Tesla’s, or of Crookes’s, is in favor 
with examiners. Thus orthodoxy grows into a compact 
body of settled opinion, with a professional staff just as 
much interested in keeping up its dogmas as a heirarchy is 
interested in keeping up the dogmas of its particular church, 
or sect, or faction. We have established and endowed an 
infallible and unassailable scientifie priesthood. 

Pay men to teach, and they teach accordingly. They be- 
come a vested interest. They view with dislike, with 
scorn, and with terror the intrusion of other and upsetting 
ideas from the “ unqualified practitioner.” 

It was not always so. Once science was open. But of 
late years, in particular, since the Germanization of scien- 
tific education in England and America, this danger has 
become daily more real and more urgent. Our men of 
science nowadays are drilled and dragooned by methods 
analogous to those in accordance with which, since the days 
of Frederick William, the Prussian soldiers have been drilled 
and dragooned into the most perfect and compact mass of 
man-slaying machines the world yet wots of. For drilling 
really produces most excellent machines; the pity of it is 
that machines are not, after all, the best type of instrument 
for securing the enlargement and advancement of science. 
Nay, more, a strict mathematical and mechanical train- 
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ing is not in itself the best preparation for the work of 
mathematical and mechanical thinking. It fits men for 
dealing deductively with minor problems; it does not fit 
them for dealing inductively and constructively with great 
ideas and great principles. The ordinary training of the 
chemist, for example, is almost always destructive of those 
wide imaginative and coérdinative faculties which are 
needed by the man who would really do great things in 
advancing science. Hence the universal pettifoggery of 
chemistry—the absence of broad and spacious generaliza- 
tions. The tendency of the Teutonic system in scientific 
training, in fact, is to produce admirable small specialists, 
who can carry out excellently well certain established lines 
of thought along inevitable or preéstablished grooves; who 
can investigate further the mode of fertilization in the 
family of the St. John’s worts, or can invent ad libitum fresh 
varieties of ethyl and methyl compounds, but who are utterly 
incapable of taking vast strides along unknown paths, and 
who never dream of calling in question the ultimate first 
principles, decided for them long ago by their pastors and 
masters. Capital men in their way; but bricklayers, not 
architects. 

It was not so that the great leaders of science in the past 
were produced. Nay, more, it is a fact that no great archi- 
tect has ever yet arisen in these matters—Kepler, Coperni- 
cus, Linneus, Darwin—who had not to begin, like the 
French Revolution, by pulling down the whole rotten edi- 
fice of his predecessors, and building the entire superstrue- 
ture afresh from the ground from the demolished materials. 

Look at Darwin, for example. Ie has become so much of 
an orthodoxy now himself, and is even further refined upon 
by our Weismanns and our Ray Lankesters to such an extent, 
that people have almost quite forgotten that he was once 
a startling heterodox leader. But I can remember the time 
myself when there existed in Europe a biological orthodoxy 
of the school of Cuvier—when people spoke of Erasmus 
Darwin as “an ingenious but crack-brained theorist,” of 
Oken as “a poor fool,” of Lamarck as “a wild speculator,” 
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of the “ Vestiges of Creation” as “clever but unscientific.” 
Now Darwin was not a professor. Ile was not a trained 
physiologist. Ife was not a drilled and dragooned South 
Kensington student. Ile was merely an amateur, a lover of 
truth, who was impelled by curiosity and by sundry ideas 
suggested to his mind on a journey round the world to 
observe certain facts and formulate certain theories. The 
science of the time at first frowned upon him severely. 
Owen, the greatest of “orthodox” biologists, as men then 
saw orthodoxy, had nothing but contempt and dislike for 
his theory. Virchow would have none of him. Even Lyell, 
who came gradually round at last, because he had an open 
and candid mind, was at first quite scandalized. In France, 
especially, where scientific orthodoxy is always strongest, 
because of the academic and governmental influence, the 
new ideas were laughed at as ridiculous. The antiquated 
and dogmatic doctrine of Cuvier was regarded as the last 
word of wisdom on the subject of species. But still, the 
new ideas triumphed for all that, because they were true; 
and as soon as they triumphed—Ai, presto, forthwith, they 
were erected in turn into a fresh orthodoxy, and were em- 
ployed to crush out all honest attempts to explain hereditary 
transmission of functionally acquired modifications, by apply- 
ing to all suggested advances the easy formula of, * It doesn’t 
agree with Weismann’s germ-plasm theory.’ So each step 
gained becomes with time a bar in its turn to all future 
progress. 

Look once more at the earlier stages in this very advance 
of biologic science. Low slowly they were made! How 
fiercely they were fought against! Erasmus Darwin, who 
first had a glimpse of the truth of organic evolution, and 
who saw clearly many things far ahead of his contempo- 
raries, was treated, of course, as a harmless lunatic. La- 
marck, whose width of knowledge none could deny, was 
regarded, nevertheless, as learned but insane—a sort of zod- 
logic Blake—because he beheld things denied to the aca- 
demic and formal eyes of the orthodox Cuvier. Goethe, 
again, was “a mere amateur;” but his splendid discovery 
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of vegetable metamorphosis (though largely false in detail) 
is now hailed as the beginning of scientific botany, and is 
turned of course into an orthodoxy of its sort, which bars 
the way against the true theory, that the stamen preceded 
the petal in time, and that the real transition is from stamen 
to petal, not vice versa. Up to the very moment when Dar- 
win wrote his epoch-making work, it was enough for a man 
to adopt the now dominant opinion to put him out of court 
at once as a “sound” biologist. 

Look at Herbert Spencer. No man has more profoundly 
modified the trend of opinion on all subjects in our cen- 
tury. No man has so revolutionized the ideas of lead- 
ing thinkers in every direction. No man is going to pro- 
duce so lasting an effect upon the thought of the future. 
Yet Herbert Spencer was never in any direction orthodox. 
He went through no course of drill; he rebelled sturdily 
against school and college; he determined to look at nature 
and man from his own point of view, resisting all attempts 
to warp or thwart his individual judgment. And he came 
out of the struggle the most profoundly original and pregnant 
thinker the world has ever known. He made his own views. 
Unlike Darwin, he is not yet an orthodoxy, because he is still 
too far ahead of his public. In most things he is heterodox 
—extremely heterodox ; and his heterodoxy is greatest where 
what he has to teach us is newest and most original. Many 
people follow him in those parts of the “ Principles of Bi- 
ology ” which stand closest to Darwin and the Darwiniaus, 
but part company at once when they come to the vastly more 
valuable and interesting parts of his work, like the marvel- 
ous theory of Physiological Units, perhaps the finest concep- 
tion ever yet begotten by a human brain. They will accept, 
instead, the puerilities of Pangenesis, or the metaphysical 
rubbish of an unprovable germ-plasm. Others, again, can 
swallow large portions of these physiological theories, but 
fail wholly to grasp the “ Principles of Psychology,” and 
especially such salient parts of that work as the Physical 
Synthesis, and the wonderful theory of Transfigured Realism. 


And soon throughout. The orthodox folk-lorists will have 
Vor. I.—20 
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nothing to say to Spencer’s magnificent demonstration of the 
origin of the belief in supernatural beings, which will be 
“orthodox ” when all memory of their work has faded as 
utterly from man’s mind as Arkite worship or the Druidical 
nonsense. Always in Spencer’s case it is the newest, and deep- 
est, and grandest work that gets least acceptance. What is 
nearest to man’s own thinking they can swallow and assimi- 
late; what takes them just one step ahead of their own stand- 
point, they can conquer with an effort; but what utterly 
transcends their capacities of comprehension, they contemn 
and laugh at as clearly ridiculous. 

The orthodox scientist, then, is the man who follows closely 
along accepted lines the accepted notions. He can add a 
detail, but he cannot possibly upset, reconstruct, revolutionize. 
This last is almost always the task of the inspired outsider. 
For the outsider comes to the work fresh, and with a fresh 
impulse. Ile has not been drilled and dragooned. We is not 
a mere martinet produced by an educational system for its 
own furtherance. Ile takes a lively and personal interest in 
his subject. Ile aims at truth. Ile wants to know, and he 
goes straight for knowledge. As a rule, he has begun by 
attacking certain special problems that interested him much, 
because they demanded an answer of him. In such a case, 
he tries first the works of the authorized pundits, the acknowl- 
edged priests of the scientific hierarchy ; and, often enough, 
he finds no answer, or only an evasive and delusive answer, 
there. Often enough, again, he spies flaws and absurdities 
in their treatment of the subject. Ile notes errors and 
blunders, and, unlike the docile pupil whom orthodoxy loves, 
he insists upon following up these suggestive trails, tracking 
the misconception home to its lair in the heart of the subject, 
and forcing it to show itself in the open light of day, envel- 
oped in all its disfiguring mist of verbiage and dogma. Then 
he questions everything; takes no definition for granted ; 
mistrusts such silly phrases as that, “ energy is that which 
performs work ;” insists upon going to the root of the matter. 
He will not make his judgment blind; he will not say, 
“Tt must be so, absurd as I see it to be, because Mr. Karl 
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Pearson and Professor Oliver Lodge dogmatically tell me it 
is so.” He cares nothing for authority, but a great deal for 
truth, for logic, for reason. 

And his way is hard, of course. Most often, like Young 
(who ventured to discover the undulatory theory of light 
without consulting the pundits), he goes down to his grave 
before he has ever succeeded in making a single fellow- 
creature see eye to eye with him. The further ahead his 
doctrine takes us, the more revolutionary and subversive it 
is, the more must this be so. The man who sees a thing a 
few years in front of his contemporaries, may live to con- 
vince them of the truth of his vision. But the man who sees 
things a century in front, like Erasmus Darwin, can only 
hope for their scorn or their pity. ‘Poor fellow, he’s mad, 
you know; has ideas of his own on the origin of life which 
the great Linnzeus says are untenable,” or “ which the great 
Cuvier declares are quite unfounded!” 

“The price of liberty,” said Jefferson, “is perpetual vigi- 
lance.” The price of science is perpetual heresy. 

At the present moment it is physics that stands most in 
the way of the systematic thinker. We have arrived at a 
point where the existing beliefs of scientific men are wholly 
unsatisfactory, even to those of themselves who have the 
courage to say so, and who can see a little way beyond their 
own cloud of facile verbiage. The current ideas of force and 
energy, in particular, are formless and meaningless, full of 
contradictions, and purely anthropocentric in conception 
and expression. They are the ideas of an intelligent but 
unphilosophic mechanic, and they are couched in terms of a 
workingman’s vocabulary. When you get to their very 
core, they insist upon going round and round forever and 
ever ina vicious circle. Certain physicists of our day, in- 
deed, of the orthodox type, but possessed of some originality 
and vividness of imagination, like Crookes and Tesla, are 
trembling on the verge of immense discoveries. But out- 
siders, as I believe, have already seen further than those 
orthodox explorers. Approaching the subject without pre- 
conceptions, and spotting by pure logical faculty the weakest 
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points, the petitiones principii and circular arguments, of our 
Balfour Stewarts and our Taits, they have arrived at newer 
and more consistent conclusions as to the nature and rela- 
tions of forces and energies than our recognized teachers. 
These new ideas are in the air. They are pregnant with 
the most gigantic practical results to the future of human- 
ity. When once they have been accepted, understood, and 
thoroughly assimilated by engineers and mechanicians, they 
will be applied in practice. A revolution in human life will 
then take place, compared to which the revolutions caused 
by steam and electricity are mere trivial episodes. Bound- 
less stores of energy are waiting at our doors for men to 
utilize. But time is needed before men’s minds can take in 
or grasp these fundamental concepts, so wholly unlike the 
orthodox concepts with which they are now familiar. And 
the change, as usual, must come from outside. No church, 
no orthodoxy ever reforms itself. It resists reform till the 
last possible moment. It only accepts accomplished facts 
when they can no longer be denied; when they have worked 
themselves out visibly; when they are as plain to behold as 
the sun in the heavens. 

A hundred years hence, every child in the street will know 
for itself which is the true and fruitful system of physica! 
philosophy. 
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“WHAT ELECTRICITY IS.” 
A REVELATION OF FORGOTTEN KNOWLEDGE. 


(ComprLep BY Mrs. BioomFretp Moore.) 
IN TWO PARTS. 


Part I. 


The laws of nature have their sole seat, origin and function in the human 
mind. Not one single discovery has ever been made which has been con- 
nected with the laws of the mind that made it. Until this connection is 
ascertained our knowledge has no sure basis.—The Injluence of Women on the 
P ogress of Knowledge. BUCKLE. 

The mécanique céleste of mind is still waiting its Newton to disclose it. 

MAcvIcAR, in 1868. 


Now that modern science has proclaimed, from her seat of 
learning (at the recent annual meeting of the British Asso- 
ciation), that it knows nothing of “the great central mys- 
tery, the origin of life’”’—that “‘the stupendous problems, 
associated with the operation of the laws of nature,” which 
the highest scientific intellects have been wrestling with for 
several generations, are still unsolved—that the questions, 
“Whence come we?” ‘“ Why are we here?” “Whither 
go we?” remain unanswered ; and that if we strain our eyes 
to pierce the cloud of mystery which envelopes these phe- 
nomena of nature, it is only to feel the conviction that it is 
impenetrable; that no certain knowledge can be obtained— 
now that science thus admits her abject ignorance on all 
these subjects, could there be a more fitting time to make 
known to the world the fact that Keely’s system of Sympa- 
thetic Vibratory Physics solves these problems, answers these 
questions, and demonstrates in mechanics what its canons 
assert ? 

Oersted, in his book, “The Soul in Nature,” writes: “ As 
infidelity is usually created by the progress of science, its sup- 
pression is more easily accomplished by still further scientific 


| 
| A 
| 
i 
| 
| 
| 
| 
| 
| 
Bl 
_ 


310 * What Electricity Is.” 


progress. Skepticism carries with it the germ of its own 
downfall; and, in so far as it gains the upper hand at any 
particular time, it thereby approaches its own destruction. 
Morality is undermined, and, as a consequence, is little 
valued. All the secret ties which unite families and states are 
loosened; everything sacred is scorned, and the spirit of per- 
secution becomes associated with it, as it formerly was with 
superstition. It ends in great revolutions and regenerations 
of the social system ; unless the mental powers are made able 
to overthrow it (by some new revelation of truth in the still 
further progress of science). Such revolutions are always 
accompanied, as is well known, by throes so terrible that 


they must be considered as the tremendous punishment of 


degeneracy.” 

“When the punishment grows out of the crime,” says 
Victor Rydberg, “ forth from the punishment shoots the ex- 
piation.” Never has there been a time, in the history of the 
human race, when the terrible consequences of a lapse from 
the requirements of virtue, of duty, of justice, of faith, 
seemed to be so imminent as now. 

“* Appreciation of the magnitude of the peril and concerted 
action are the supreme needs of the hour,” writes Mr. Flower, 
in “ Civilization’s Inferno.” Never were truer words spoken ; 
and, as “each age answers its own need,” the Divine Provi- 
dence, who sees fit ever to work in and by instrumentalities, 
has so directed events that the antidote for the skepticism 
and infidelity which modern science has made itself respon- 
sible for, now, in our age, lies within reach of all, in Keely’s 
discoveries ; opening up as they do a new field of research in 
which physicists and psychologists can join forces,and prove 
the immortality of the soul to the utter destruction of mate- 
rialism. The law of Sympathetic Association—“ whereby all 
creation is balanced and subserved in its multiplied ranges 
of action ”’—is a trinity of sympathetic union; and only by 
understanding the operations of this “ governing law of the 
universe,” can science hope to check the advance of the evil 
which she has created. She must join hands with religion, 
if she would face the peril and avert the threatened cataclysm. 
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“ All waits, or goes by default, till a strong being ap- 
pears; a strong being is the proof of the race, and of the 
ability of the universe; when he or she appears, materials 
are overawed,” writes Walter Whitman. 

In this founder of a new system of physics, we have the 
needed “strong being” to lead the way, but the men of 
science who walk with him must leave their laboratories, 
turning aside at once and for ever from “ the path of great 
danger” pointed out by the Marquis of Salisbury, in his 
recent address at Oxford. That path leads to no solution 
of “ the mysteries of gravitation, of chemical atoms, of the 
luminiferous ether, of the electrostatic forces, nor of the 
greatest mystery of all—the mystery of the human will.” 

There seems to be nothing left for “science” to attempt, 
since she has acknowledged that she has reached “an im- 
passible barrier,” other than to retrace her steps to her 
starting point. The path is open for all, and, as it is the 
path of knowledge (not the path of Jearning), those who 
traverse it will soon be able to answer the question, “ Whiy 
is it that against this instantaneous, untranslatable gravita- 
tion, this adamantine, impalpable ether, science has so long 
banged its devoted head in vain?” 

They will tind their answer in the simple truth that, 
when science rejected creative design, when she turned her 
back upon the God in whom we live, and move, and have 
our sole existence, she entered a wilderness of quagmires 
and quicksands, every step over which led her further and 
further away from the truth on “the path of great danger ” 
which she is still pursuing. 

“The Ancients” were on the right road, as is now demon- 
strated in Sympathetic Vibratory machinery. They knew 
more of the causal world, of the unvarying laws of nature, 
than all the men of science of our time know, or ever will 
know until they pursue their researches on the path opened 
to them in Sympathetic Physies. 

In this system, force and energy are classified as oppo- 
sites, working in antagonism to each other: Force as “a 
positive power which initiates aggregative motion, and 
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resists separative motion, in three postules of ponderable 
matter in the etheric medium;” Energy as “a negative 
power, which initiates separative motion, or disintegration, 
and resists aggregative motion, in three postules of ponder- 
able matter, also of the etheric medium.” 

The path of research, to attain the knowledge sought by 
savants, is laid in the conditions connected with association 
and dissociation, electric under the latter, magnetic under the 
former. On the line intimated, every researcher will find it 
in his power to answer Pilate’s question, “ What is Truth?” 
for we possess over “ The Ancients,” to whom these truths 
were revealed, a tremendous advantage in being able to 
verify them by all the means which inventive genius places 
at command in our day. When once men of science are 
convinced that nature’s sympathetic laws, as taught in 
Keely’s system of physics, are the laws which control and 
govern all her operations, they will bend themselves with 
unflagging energy to this only true line of research, instead 
of seeking for “ manifestations” of unknown powers in the 
human organism, through “ mediums ” abnormally affected. 
These manifestations are of such a character as to prove, if 
they prove anything, that cases of “obsession” did not 
cease with the days of the Apostles, on whom the power 
was conferred of “casting out devils,” or evil spirits. “As 
a man isso his ghost is.” Spiritualism has done a great 
work in counteracting some of the effects of the reign of 
skepticism inaugurated by materialistic science. Spiritism 
is quite another thing. Like counterfeit coin, which repre- 
sents sterling gold, it counterfeits spiritualism. 

Sympathetic Physics teaches that, until we know the laws 
of nature which govern the operations of mesmerism, hyp- 
notism, and spiritualism, the making use of these unknown 
powers is like placing an obstruction on a railway. The 
train may dash along over it unharmed, or, it may wreck the 
rain. 

To those who have witnessed, in Keely’s work-shop (which 
was converted from a stable into a primitive laboratory), the 
operation of a current of will-force, in the revolutions of a 
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globe of metal, insulated on all sides, it is painful to see the 
unexplained “ manifestations” of ‘mediums ;” especially 
atter having (in some spiritualist séances) detected the hum- 
bug or deceit of the medium, when no precautions had been 
taken to prevent discovery. The globe of metal, moved by 
will-force, must first be so “graduated” as to be, in its mole- 
cular vibration, in harmony with the brain of the operator, 
who remains within sight at a distance of about thirty feet ; 
always in broad daylight. 

Sympathetic Physics demonstrates, in vibratory machinery, 
that “there is nothing new that is not forgotten knowledge,” 
and that the views handed down from the times of “The 
Ancients,” regarding the operations of the forces of nature, 
are correct. In later times, Pythagoras taught his pupils, as 
this system teaches, that the same principle underlies the 
harmonies of music and the motion of the heavenly bodies ; 
and in this conception harmony is revealed as “the mainstay 
and supporter of the material universe.” The theories of the 
great mathematician, the late Professor Peirce, are said to 
lead to the same conclusion. Numa Pompilius comprehended 
some of the operations of the forces which we call electricity 
and magnetism. Epicurus asserted that gravity is inherent 
in all matter. Leucippus believed that atoms possess within 
themselves a principle of energy. Anaxagoras, Heraclitus, 
and Empedocles taught that matter is infinitely divisible; 
and the theory of Democritus regarding the soul’s construc- 
tion approaches one of the hypotheses of Vibratory Physics, 
riz., that heat’ is an order of spiritual vibration, and is latent 
in all substances. 

The lights of ‘‘ The Mystic School” taught that matter is 
latent force, and force free matter. Dogmatic science, having 
rejected all these teachings as false, is, naturally, not prepared 
to accept them from one whose ignorance of physics, as taught 
in the schools, has been his safeguard from error. 

The requirement of all branches of science is that every 
demonstration shall give proof of what is asserted. When 
Keely was ready to give this proof to physicists, a messenger 
was sent, as in the Scripture parable (Luke xiv.), to those 
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who had been bidden to this feast of knowledge: “Come, 
for all things are now ready,” with the same result; “they 
all with one consent began to make excuse.” 

“The man who would bring about great changes,” writes 
Amiel, “ must have an enormous belief in himself, an un- 
bounded confidence in his cause, and a large faith in the 
future.” 

All these requisites, coupled with a godlike patience, are 
possessed by this founder of a new school of science; who, for 
more than twenty years, has borne calumnies, unmerited ob- 
loquy, scorn and contempt, without answering his accusers 
or reproaching his slanderers; while, Prometheus-like, he has 
been toiling to bring down fire and light from celestial re- 
gions for his fellow-men. 

Some noble exceptions there have been among men of 
science, who, invited to witness Keely’s demonstration of 
“negative attraction,’ and the production of the unknown 
force by the disintegration of water, accused him of fraud 
and used their powerful influence to prevent others from 
examining for themselves. Among these few exceptions 
were the late Professor Joseph Leidy, Dr. Willcox, and 
Professor Daniel G. Brinton, three of Philadelphia’s most 
learned men, all of whom in 1889, or later, announced it as 
their opinion that Keely was on the road to the overcoming 
of all the difficulties attendant upon safe navigation of the 
air. Keely’s system of aerial navigation is now completed ; 
he has succeeded in attaching his machinery “ to the very 
wheel-works of nature.” The no longer “unknown” force of 
“sympathetic negative attraction,” though not yet connected 
with the mechanically complete propeller of his air-ship, 
can be made available, without transmission, at any point 
of the universe. 

The delay occasioned this summer and autumn by the 
operation for cataract, and a serious illness which followed, 
has prevented the adjusting by Mr. Keely of the final 
“ requisites,” but it matters not to science, if only an authori- 
tative announcement is now made of the work that he has 
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already accomplished, whether this century or the next sees 
its completion for commerce. 

“Tt is almost enough to take one’s breath away,” writes 
the editor of The Herald ( Boston), when Tesla declares that 
he expects to live to be able to set a machine in the middle 
of his room, and move it by no other agency than the energy 
of the medium in motion around us. Such a declaration 
comes perilously near the bounds of the old fallacy of per- 
petual motion; the pursuit of which has subjected so many 
i hair-brained philosopher to the ridicule of his fellows. 
‘And even to the much-vaunted and much-scorned claims of Keely 
it lends an air of plausibility.” 

“Prove all things; hold fast to the truth,” is as wise a course 
to pursue in science as in religion. This is what Keely has 
been doing with the teachings of “ The Ancients,” in regard 
to the forces of nature, viz., proving their truth by “ dynamic 
apparatus.” 

“The old Kabbala,” writes Dr. Seth Pancoast, in 7’he 
True Science of Light,“ with its curious and comprehensive 
symbol-language, is at once an elaborate system of natural 
philosophy, and a profound system of theology; an illumi- 
nated exposition of the mysterious truths of nature” (i.e., the 
hidden things of God) “ and of that higher science which the 
book of nature unfolds to the enlightened eye of the soul ; 
the science of religion. Our readers would be slow to real- 
ize,many even unwilling to recognize, the fact that the grand 
old Kabbalistic theosophy was the native root, the central 
trunk, whencé all the religions the world has ever known 
sprang as shoots and branches from a parent tree. Yet this 
is absolutely true. Our Bible is a translation into words of 
the symbols of the Kabbala. The reader would be aston- 
ished if he could read the Bible in the light of the Kabbala; 
first, to discover this close accordance ; second, to find inter- 
nal evidence, so clear as to be irrefragable, that the book of 
nature, true science, and the written Word, are one in source 
and significance; and third, to learn that the Bible is not 
the book of enigmas that ordinary commentators would make 
us believe, but is the written revelation of God’s worl, wil, 
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and ultimate purpose in creation; and of His essential attri- 
butes as well;”—but only to those who understand its hidden 
symbolic and esoteric meaning. ! 

This is written of the Hebrew Kabbala,the Hebrew theos- 
ophy. The Hindu theosophy is not a religion ; it is a system of 
philosophy derived from the wonderful Kabbala ; the teach- 
ings of which, concerning nature’s sympathetic streams (flow- 
ing from the central sun of the universe), led Keely into the 
path of research which has enabled him not only to “ hook 
his machinery on to the machinery of nature,” but to disclose 
the moving power, the vital principle. 


Part II. 


THE REVELATION. 


If galvanism be only a hidden form of electricity, then magnetism can be 
only electricity in a more hidden foria.— Views 07 Chemical Laws of Nature. 
OERSTED, 1813. 
The real origin of magnetism is yet to be revealed. TYNDALL. 


To the question, “What is Electricity ?” there is but one answer. We do 
not know. “ PorULAR SCIENCE.” 


The magnetic needle is ruled by an all-pervading principle, emanating from 
the center of the universe, which sustains and regulates the motions of ma- 
terial worlds. Ilow many ages will it be before the world will comprehend 
and believe in the electric aura, or subtle ether, which pervades creation as 
the atmosphere surrounds our earth. All created things move in this etherial 
aura; by means of which harmonious unison is established between every link 


' The late Mrs. F. J. Hughes, a grandniece of Erasmus Darwin, gained from 
her study of the Bible the material for her book on “The Evolution of Tones 
and Colours,” which work, Keely says, saved him years of research in the 
realm of inaudible sounds possessed by man, without which his various organs 
would be utterly useless. 

A discovery has been made which is connected with the laws of the mind 
that made it ; and “ the mécanique céleste” no longer waits its Newton to disclose 
it. Truth stands in the temple of science unveiled, in all her majesty, point- 
ing the path to a region that science has never yet entered ; for, it is no merely 
muterial prospect that opens to her view. 

The invisible things of Him, from the creation of the world, ave understood by the 
things that are made, RoMANs i: 20. 
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in the chain of animated nature. Every faculty of the mind has its power, 
which extends through all space, and this vital power may be exerted at will 
by its possessor, according to its native energy or strength. 

Kritz LEMBERG. 


Hans Christian Oersted who, in the year 1820, discovered 
“electro-magnetism,” or the law of reciprocity between 
electrified bodies and the magnet, had, as early as the year 
1813, in his “ Views of Chemical Laws of Nature,” expressed 
his anticipation of the existence of a near connection between 
electric, galvanic, and magnetic currents. 

For two centuries the opinion had been alternately 
accepted and rejected, that electricity and magnetism have 
a common origin; yet all endeavors to prove this accordance 
had been in vain. By Oersted’s experiments, electro-mag- 
netism was thus introduced as a universal force of nature. 
In a later work, “The Soul in Nature,” Oersted writes: 
“Natural science is in perfect harmony with religion, in 
teaching that everything has been brought forth and is sus- 
tained and governed by the Divine Will. Mankind, in its 
infancy, learns—like the individual man—by instinctive in- 
tuition” (the inner light). ‘ Facts are ascertained, demoui- 
strated, taught and forgotten, while theories, vague and un- 
certain, even in the minds of their weavers, have been ac- 
cepted for science.” 

As an example of this assertion may be mentioned the 
emission theory advocated by LaPlace, but opposed by 
Huyghens, Young and Fresnel, who adopted the undulatory 
theory. 

One alone of Keely’s experiments disproves this theory, 
now so universally accepted.' Light as it comes from the 
great solar reservoir, writes Dr. Pancoast, is a unit—not 
seven rays, but one sunbeam. Though it contains the duai 
attributes (the active and passive, the positive and negative, 
the polar force and the chemical function) they are so exactly 


1 When that rhythmical action, named a polarized current, shall have come 
to be understood, a great revolution in the conception of merely mechanical 
undulation may be expected. 

Dr. Macyicar, 1868. 
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- equilibrated, so perfectly in harmony, that they form abso- 
lutely a unit; their unity being slightly affected by contact 
with our terrestrial atmosphere, which extracts from them 
in transitu a small amount of chemical blue, and a portion 
of calorific energy, but being substantially maintained until 
in actual contact with the earth and earthly objects, when 
the beam is interrupted, and its rays distributed, in order to 
permit each principle of virtue to perform its part in 
nature’s vast laboratory. The prism has not changed the 
light, nor its united and separate nature and attributes. It 
has only shown us that the great unit has seven members, so 
to speak, working in perfect harmony, obediently to the laws 
of “The Supreme.” This one fact of the unity of light 
utterly suppresses the waves, or undulations, of modern 
scientists. A sunbeam cannot come in seven parts upon 
seven sets of waves. The impulse and tension theory of the 
old philosophy justifies itself, if the justification of a theory 
consists in its competence to account for actual phenomena ; 
but the secrets and mysteries of nature regarding the 
essence of light, and its great work in creation and provi- 
dence, must be studied elsewhere. (See “ Blue and Red 
Light,” by Dr. Pancoast.) 

Sympathetic Vibratory Physics teaches that the laws 
governing the disturbance of sympathetic equilibriums are 
quite remote from, and antagonistic to, the present teach- 
ing; and that the views of light, as enunciated by the late 
Dr. Seth Pancoast, and as held by “ The Ancients,” are cor- 
rect, although Mr. Keely cannot accept this learned man’s 
teachings on other subjects. 

Sound waves, writes Keely, are only propagated by mul- 
tiple interference, and may be expressed as echoes of the 
introductory impulse of sound itself, made audible to the 
tympanum by such interferences. The explosion of dyna- 
mite or electricity in a vacuum would not be audible to 
our imperfect sense of hearing, nor can our eyes appreciate 
the hidden world until the microscope reveals to us what, 
but for it, we could not know exists. Yet the conditions 
that reign in the inaudible and invisible realms are of ten 
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thousandfold more importance and power than any that our 
senses are cognizant of. In our environment we are limited 
in our instruments of research, as well as otherwise, to 
boundaries which we cannot cross; but Sympathetic Phy- 
sics, in revealing the laws governing nature’s operations in 
the invisible and inaudible world, places us in a position to 
appreciate the foundation on which knowledge will here- 
after stand. When that position is taken, “ the new science” 
—religious science—(which is “the sum of all that human 
information has given as to what relates to the destiny of man 
and to the true welfare of each man and of all men”’) will be 
able to hold its own against the disorder that now threatens 
to retard progress in the encroaching steps of the vanguard 
of anarchy. “In the Annals of Christianity,” writes Pro- 
fessor Draper, “the most ill-omened day is that in which 
she separated herself from science.” 

But Christianity has not separated herself from science. 
She could not if she would ; for Christianity, as taught and 
upheld by Jesus of Nazareth, is true science. Pseudo- 
science has made war on Christianity, and is now about to 
suffer the penalty in the crumbling away of its foundation 
stones. ‘“ Wise men believe nothing but what is certain, 
und what has been verified by time.” Until now true sci- 
ence has not been able to verify the wisdom of “The 
Ancients” by any dynamic apparatus showing how cosmical 
law works, and as yet it is not fully realized that, “in order 
to protect science, men of learning carried empiricism to 
its extreme skeptical consequences, and thereby cut the 
ground from under the feet of science ;” sowing seeds of dis- 
order broadcast for two generations, which, wafted from one 
land to another, have produced year after year a fruitful 
and ever-increasing crop of skepticism, materialism, and in- 
fidelity blossoming into anarchy. 

The nations of the earth are now united in demanding 
justice for all men as never before; and science finds herself 
powerless to avert the danger in any other way than by sup- 
plying the implements of war, and providing new explo- 
sives; or, in encouraging fallacious schemes for destroying 
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cities by means of “ flying machines,” more dangerous to the 
invaders than to those they seek to annihilate. 

As science has done nothing to avert the evils which she 
has fostered, Christianity comes to the rescue with a system 
of spiritual physics susceptible of proof to the senses. The 
day has gone by in which, as Professor Schuster said, * a 
knowledge of scientific theories kills all knowledge of scien- 
tific facts ;” for this resuscitated system makes it clear to all 
who have powers of mind sufticient to comprehend it, that 
we are related to the whole universe, and that “ the funda- 
mental doctrine of universal attraction ” is part of the much 
sneered at (by the ignorant) cosmical law of “ sympathetic 
association.” 

In the time of Pythagoras, it was especially forbidden to 
divulge this “law of attraction and repulsion,” which con- 
stitutes nature’s greatest secret, except under the most bind- 
ing obligations of secrecy. 

It is this secret which has enabled Keely to make appli- 
tions of the unknown energy that had its birth in mechanics 
in 1872, in the “ hydro-pneumatic-pulsating-vacuo engine ” 
that he was inventing at that time, with the expectation 
that it would supersede the steam engine. It was only par- 
tially developed under the conditions of this quadrupic 
force. In the year 1888 the teachings of “ The Ancients” 
regarding what we call electricity and magnetism were 


brought to Keely’s notice; and taking up another line of 


research, he soon became convinced that the force he had 
discovered fourteen years before, is the third current of the 
triune stream of electricity or “ negative attraction.” 

“The Ancients ” taught that these forces which we call elec- 
tricity and magnetism are one and the same, and that between 
them is “a neutral force.” When a force becomes neutral it 
is inactive, and is no longer a force; consequently the name 
given is misleading. Keely calls this third element “ the 
latent neutral,” which is a better name for it. Dr. Pancoast, 
in his book on the Kabbala, gives the Kabbalistic teachings 
in his own words, regarding nature’s most powerful agent, 
the triune polar flow. He writes: “ Electricity is a peripheral, 
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polar force moving out of equilibrium, 7. ¢., independently. 
Magnetism is a polar force moving in equilibrium. They 
are one and the same in essence and power; and their source 
is light:” the light from the great central sun of the uni- 
verse, around which all solar systems revolve. 

There is but one difference between them. In electricity 
two forces are never found in one substance. In the true 
magnet they are both present in an active state, but in exact 
equilibrium. Ina magnetic body both are present, neutral 
and inactive. 

Terrestrial magnetism is the earth’s electricity. The atmos- 
pherie vapors of the earth absorb the greater part of the 
calorific rays, and the actinic rays pass almost entirely into 
the earth; the former become charged with the positive, and 
the latter with the negative force; and thus the negative be- 
comes characteristic of the earth, and the positive of the air. 
Then the rain falls and the hail and the snow, bearing the 
positive with them; which, upon entering the earth, is com- 
pelled to come into a state of harmony with the earth’s 
negative ; the two poles acting in equilibrium constitute 
magnetism. Hence the earth itself becomes a powerful mag- 
net; and everything earthly partakes of its nature, in some 
degree. 

What Faraday called diamagnetic bodies are bodies con- 
taining one electric force only, and consequently are not 
magnets in any sense of the word. 

In both electricity and magnetism there are the two oppo- 
site forces, the positive and the negative. In both, the two 
forces attract each other, and each repels its kind. In elec- 
tricity the two are never present in the same body. Jn both 
there is between the two forces a “* NEUTRAL FORCE,” which places 
itself, in electricity, as a resistant wall between two opposing 
clouds, or a positive cloud and the magnetic earth. In a 
magnet, where the two forces are always present actively 
in the one substance, the neutral appears midway in the sub- 
stance ; separating the two,and thus preventing their blending 
with and neutralizing each other. In the natural magnet the 


equator shows neither attraction nor repulsion, because the 
Vou. I.—21 
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attractive power of each ingredient of the natural is rendered 
inoperative by the presence of theother. (See “The True 
Science of Light,” by Seth Pancoast, M.D.) 

This latent neutral force Keely has diverted, and brought 
about “codrdination between the two mediums, celestial 
radiation and terrestrial sympathetic outreach.” 

But light is not only the source of these forces, it is also 
the great electro-magnetic polarizer. In the formation of 
the atom it receives the polar energy that gives it its in- 
dividuality ; its polarity constantly changes in dropping old 
and putting on new affinities ; but the tendency is to equilib- 
rium, or harmony. In inorganic matter the atoms are more 
angular than in the organic; the spheroidal form being pro- 
portioned to the stages of development. Each atom of mat- 
ter contains one of the electric forces and is surrounded by 
an etherial atmosphere of the opposite electricity, thus each 
atom is a miniature of the earth.'| The atomic similarity 
to the aggregation of atoms—the earth—is most remarkable 
in the fact that the electric or magnetic force of each atom 
has a current, like the earth’s current, pouring in at the poles 
and out at the equator ; thus atoms contain within themselves 
the elements of their own existence. When the positive and 
negative forces of electricity harmonize, they move in equi- 
librium, as in terrestrial magnetism; when they are sep- 
arated they become antagonistic, and positive electricity be- 
comes“ a blind force,” as the Ancients termed it—they symbo- 
lizing electricity in equilibrium by a serpent swallowing its 
tail. Positive electricity is the active polar force, and the 
negative is the passive depolarizing force. Positive electricity 
is the ether tensely polarized, and when pushed to its utmost 
tension fire is produced. (See “ Red and Blue Light,” by the 
late Dr. Seth Pancoast.) 

“With our present knowledge,” writes Mr. Keely, “no 
definition can be given of this latent force ; which, possessing 
all the conditions of attraction and repulsion associated with it, is 
free of magnetism. If it is a condition of electricity, robbed 
of all electrical phenomena, or a magnetic force, rebellant to 


1“ Every monad is a mirror of the universe.” LEIBNITZ. 
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the phenomena associated with magnetic development, the 
only philosophical conclusion I can arrive at is that this in- 
definable element is the soul of matter. Were not every form 
of matter, even to the cerebral convolutions of the brain, 
impregnated with this latent element of force, which is sym- 
pathetically subservient to celestial radiation, nature would 
be like a still-born child, or a marble statue—dead to the 
sympathetic association that induces motion. Matter could 
not exist without this element, this spiritual essence, this 
impregnation from the Deity, which is its soul, any more 
than a man with an ossified brain could have motion or 
life.” 

Thus are we led to see that the soul may be defined as life in 
latent suspension ; that there are no boundaries set to knowl- 
edge in the life of the soul ; that there are no truths beyond 
its reach; and, in short, that the soul is the indestructible prin- 
ciple of life. “The blind, dull powers inherent in our passive 
earth,” writes Kritz Lemberg, “ could never produce and re- 
produce her myriad productions with such uniform regularity 
without this vital force.” 

“T do not believe,” said Edison, “that matter is inert; to 
me it seems that every atom is possessed of a certain amount 
of intelligence ;” and, in different words, Professor Riicker 
has given expression to the same opinions. Spiritual science, 
religious science, teaches that when the fiat went forth, “ Let 
there be light!” the latent celestial radiation that illumines 
the universe was liberated. When “the breath of life” was 
breathed into man, he was impregnated with that latent sou! 
element that made him “a living and moving being.” 

“In whatever direction one pursues physical science,” 
writes Professor Dolbear, “he is at last confronted with a 
physical phenomenon with a superphysical antecedent where 
all physical methods of investigation are impotent.” 

But Sympathetic Physics shows us that the ways of Deity 
are not past finding out; and Ife who was endowed with wis- 
dom from on high “ proved ITis divine authority by revealing 
these ways to His disciples, and by conforming to them in 
all things Iimself.” 
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“Tiow blind we have all been!” writes the revered Dr. 
Furness, D. D., of Philadelphia, “ what a palpable error it 
is to regard the extraordinary works that Christ wrought as 
suspensions of the laws of nature. They are directly the 
reverse ; they are illustrations of the power of mind over 
matter, of the spirit over the flesh. For this representation 
of the so-called miracles, we have the express authority of 
Jesus Himself. Although He ascribed his extraordinary 
work directly to God, in the same breath Ile declared with 
equal explicitness that they were wrought, not by any pre- 
ternatural power which He alone possessed, but by faith: 
thus basing his authority, as a messenger of God, not upon 
any departure from the laws of nature, but upon the power 
of the very highest law of nature.” 

Is it not strange, indeed, that it should ever have been 
thought that in all this vast and varied universe, in which 
the most lavish provision is made for this mortal life of ours, 
no provision exists for the safety of the immortal soul ; that 
to save the soul from utter perdition it was necessary to break 
through the established order of things, and suspend the 
action of laws whereby this order is maintained ? 

The unhappy consequences of this widely accepted error 
concerning the remarkable things done by Christ, is that it has 
put in opposition to each other—to the serious injury of man- 
kind—two things which are to be forever most intimately 
united: science on the one hand, and religion on the other. 

Science acknowledges a general providence, developing 
races, not caring for individuals, but the revelation through 
Jesus that “God is Love” (and of the divine possibilities of 
human nature) shows us that the Immortal Spirit possesses 
the power of making all things, failures as well as successes, 
sorrows as well as joys, all work together to strengthen and 
elevate the soul, even as Jesus made ILis suffering tributary 
to His perfection. 

Bewildered, lost, as men of science are—amid the mysteries 
of being—unable to account for the phenomena of physical 
nature, the science of religion still points to the illuminat- 
ing Cross of Christ, which must spread its unearthly glory 
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over all nations before the human race can follow “The 
Higher Example,” and enter into the promised “larger 
coming time:” 

“No more Jew nor Greek, then—taunting 
Nor taunted—no more nation nor tribe; 
But one confederate brotherhood, planting 
One flag only to mark the advance, 
Upward and onward, of all humanity.” 


Before this approaching age of harmony can arrive, the 
knowledge of God must cover the earth as the waters cover 
the beds of the seas. Suffering humanity must be taught 
that “the existence of ‘The First Cause’ is a necessity of 
human thought,” and that the only cure for sorrow lies in 
the helpfulness and the hopefulness of the Gospel of the Son 
of God. Other religions tell of men stretching out their 
hands to God for help. The Christian religion tells of God 
reaching out His hands to man. 

The key-note of Christ’s Gospel is in the Fatherhood of 
God and the brotherhood of man; and this is the key-note 
which the revelation of Sympathetic or Spiritual Physics is 
about to sound. It will awaken a sleeping world to that 
“knowledge of God” which is (as defined by Pythagoras) 
“Truth clothed with light, or absolute verity.” 

“The secret things belong unto the Lord our God; but 
things which are revealed belong unto us and to our children 
for ever.” —Deuteronomy, 29: 29. 
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“WHAT ELECTRICITY IS.” 
By C. J. Reep. 


The anonymous writer, who, in the New Science Review 
of October, asks what electricity is, offers to define it as “a 
form that energy may assume while undergoing transforma- 
tion from the mechanical (meaning doubtless the kinetic), or 
the chemical form, into the heat form; or the reverse.” 

There is nothing particularly new in this definition. It 
serves, in a general way, the purpose of an approximate defi- 
nition, by describing vaguely the genesis and exodus of 
electrical energy—tells where it comes from, and where it 
goes. But if this definition is supposed to throw any new 
light on the subject, or is intended to be an exact scientific 
definition of electricity, it is of no value whatever. <A defini- 
tion, to be of any value for scientific purposes, must describe 
the object defined in such a way as to distinguish it from 
everything else. It must be complete and exclusive; that is, 
it must include every species and variety of the defined object, 
and must not include anything else. The definition of elec- 
tricity given by our unknown author is neither complete nor 
exclusive. It includes only electric currents, generated by 
the transformation of chemical, or kinetic energy, into thermal 
energy ; “or the reverse.” It does not include thermo-electric 
currents,except such as happen to be used either for electrol- 
ysis (to produce chemical energy) or for producing mechan- 
ical motion. A thermo-electric current, used for heating or 
lighting, or$for producing a magnetic tield or a secondary 
current, would not be included in the definition. All kinds 
of induced currents, such as alternating currents, produced 
by the transformation of a pre-existing electric current, are 
excluded. Also, all continuous currents, of whatever origin, 
that are transformed into secondary currents, into light, or 
into anything except heat, motion, and chemical energy, are 
excluded. The definition does not include photo-electric 
currents, such as those generated by the action of light or 
selenium in contact with the metal. 
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The detinition includes, moreover, many forms of energy 
which are not electrical. Muscular energy, for instance, is a 
form that energy may assume while undergoing transforma- 
tion from the chemical to the heat form. Kinetic energy is 
also a form that energy may assume while undergoing trans- 
formation from the chemical to the heat form. This may be 
illustrated by mixing an acid with a metallic carbonate. A 
spontaneous reaction takes place, evolving a gas—carbon 
dioxide—while chemical energy (energy of position) is con- 
verted partly into heat and partly into the kinetic energy of 
gaseous molecules. Ifthe mixture be placed ina closed vessel, 
the pressure of the gas may be utilized to operate a steam- 
engine, and this mechanical motion may be readily converted 
into heat. 

Light is also a form that energy may assume while under- 
going transformation from the chemical to the heat form. 
This is well illustrated in the phosphorescence of bodies un- 
dergoing slow and cold combustion. 

We might multiply illustrations, but the above are sufti- 
cient to show that the definition given by the author in ques- 
tion does not define, or even accurately describe, electrical 
energy. The definition includes light, heat, kinetic and 
muscular energy, at least; while it excludes numerous and 
important varieties of electrical energy. 

To say “electricity is a form of energy,” would be as good 
a definition, if not better. It is complete, though not exclu- 
sive. Such definitions as “ heat is a form of energy,” “ light 
is a form of energy,” and “electricity is a form of energy,” 
serve practical purposes very well, and express with sufficient 
accuracy our ignorance of the real difference between these 
physical agents. They are all disguises worn by the same 
thing—energy. All we know of the essential nature of 
energy is that we never mect with it except in one of its 
numerous disguises, and that it passes out of one into another, 
likea prestidigitator, who changes his dress during the instant 
a curtain is drawn before our eyes. We see it now in one 
form, and now in another; but how it gets from the one into 
the other we do not see. 
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So eminent an authority as Dr. Oliver J. Lodge, D. Sc., 
L.L.D., F.R.S., Professor of Experimental Physics in Uni- 
versity College, Liverpool, differs entirely from the view of 
our author. Te says, on page 7 of his wonderful book, 
** Modern Views of Electricity,” that “ electricity may possi- 
bly be a form of matter—it is not a form of energy.” Dr. 
Lodge is able to see a great difference between electrification 
and electricity. So vast is this difference, that in his view 
one is energy and the other is matter. He says: “ Electrifica- 
tion is a result of work done, and is most certainly a form of 
energy; it can be created and destroyed by an act of work. 

3ut electricity—none is ever created or destroyed, it is simply 
moved and strained like matter. No one ever exhibited a 
trace of positive electricity, without there being somewhere 
in its immediate neighborhood an equal quantity of negative.” 

If, in this last sentence of Dr. Lodge, we substitute the 
word “ electrification,” or the word “ magnetization,” for the 
word “ electricity,” the statement will be no less true. Hence, 
the same argument would prove in exactly the same manner 
that electrification and magnetization are also formsof matter. 

It is unfortunate that some learned doctor has not by his 
dictum ex cathedra made electricity and electrification ex- 
change names. It would be a matter of great convenience ; 
for not only engineers and electricians, but the general public 
also, have fallen into the pernicious and universal habit of 
calling the object that can be created and destroyed by an act 
of work electricity, and not electrification. Street cars are 
frequently said to be operated by electricity ; but who ever 
heard of operating them by electrification! 

Against this high authority on “ modern views ” we may 
place the very ancient, yet respectable authority of Sir Ben- 
jamin Thompson (Count Rumford), who laid the foundation 
of the doctrine of the conservation of energy ninety-six years 
ago, when he said: “Anything which any insulated body, or 
system of bodies, can continue to furnish without limitation, 
cannot possibly be a material substance.” 
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*“WIAT ELECTRICITY IS.” 
By Ilenry Cray. 


Broadly, it is a product, not an element; it is objective 
energy, not subjective power; it is the sequence of a condition, 
a tertiary resultant, viz., light, absorption, energy or electricity. 

To comprehend the effect we must first seek the cause, the 
material cause, that perceptible to some one or more of the 
five senses—the primal cause admittedly being the Creator— 
the material cause being the first creation, the power of light. 

“And God said let there be light, and there was light, and 
God saw the light that it was good, and God divided the 
light from the darkness.” Gen. i: 3,4. And with the birth 
of light electricity for the first time in the history of the 
earth was produced, for energy or current became possible. 

Not a contest between light and darkness, but the absorp- 
tion by darkness of the power of light—by the negative of 
the positive—produced a sequent condition of a new energy 
in matter, between its individual atoms, whether remote from 
or near to each other. This was electricity; its result, be- 
cause of atomic friction (agitation or resistance), was and 
still is heat, the temperature of which is radiated to the 
adjacent portions of the atmosphere. Hence the natural pro- 
gression is—light, absorption, current (electricity) and heat. 
In contradistinction to this natural progression the artificial 
progression is—heat, current (temperature), absorption (resist- 
ance in matter) and light. 

Light being vibratory in its natural action, all matter sub- 
jected to its influence will become more or less subservient 
toits rays. The light is not absorbed, its energy is converted 
into a new condition and preserved by the conservation of 
energy ; it being a fixed quantity, an entire state of being, as 
eternal as God. 

The solar emanation is light, not light rays, neither is it 
heat. Were life not dependtnt upon either of them, without 
the atmosphere we could not see the sun, without the material 
earth we could not feel the heat, regardless of its comparative 
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temperatures; as it is, we but see the sign of the sun, the 
light rays. 

There are between the two—light rays and heat—two 
stages of progression. Ist. Absorption or appropriation of 
the light rays in proportion as each atom of matter receives 
its sympathetic portion of the vibration, that with which it 
may be in harmony. This divides the light rays into indi- 
vidual parts, with an affinity for each other. In the prism 
this is made evident by the varied color rays, each of which 
merges into the other instead of exhibiting lines of demark- 
ation. The same division occurs when light rays are inter- 
cepted by any matter; .they are absorbed in proportion as 
the individual atom may have an affinity for the vibration in 
harmony with itself, to the exclusion of all others. 2d. In 
the readjustment of these individual atomic affinities, so that 
a universal or average harmony of the mass may be attained, 
there is brought into existence a new condition of energy. 
This is electricity, and it constantly maintains the natural 
average harmony of all the atoms contained in the mass. 

A disturbance of this harmony is constantly being made 
by the effort of each atom to assert its power over its neighbor; 
to separate itself from the average harmony of the mass, and 
become independent. This brings into existence another new 
condition of energy, heat, of a temperature proportional to 
the quantity of the atoms operating in unison. The indi- 
vidual atoms are each sustained by the life, or, in other 
words, the vibrations. The atoms independently separate 
(by individual affinity) from the light rays, but are restored 
to the average harmony of the mass, after absorbing said 
vibrations, by the new condition of energy “ Electricity.” 
Their individual opposition to the average harmony of the 
mass causes heat of a temperature proportional to the number 
of atoms which at the time may be in unison each with the 
other, in the action of opposition to the average harmony. 
Its resultant is light rays, of a color in consonance with the 
proportional opposition ; so that the more nearly perfect the 
equilibration of the atomic opposition is to the average har- 
mony of the mass, the more near will the resultant be to the 
color of the quintessence of light, viz., white. 
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So also in proportion as the number of atoms whose aftin- 
ity for a specific vibration—equal to a specific color ray— 
may predominate in a given mass, will the resultant light 
ray be in color, as the electrical energy restores the average 
harmony of the mass toward its perfect equilibration ; hence 
the opposition will be proportionally equilibrated and the 
resultant light ray will be of a color in accordance with the 
average vibratory harmony of the mass, as is clearly demon- 
strated in all artificial light. 

In the generation of currents of voltaic electricity, the ap- 
paratus used is a battery containing two elements more or 
less metallic in their entirety; the simplest form being com- 
posed of metallic copper and zine, in a sulphate of copper 
solution. These metallic elements, being connected outside 
of the solution by a wire, complete a circuit and form a given 
mass. Zine and copper are each composed of individual 
atoms or molecules, and each atom absorbs the same quality 
of light rays as the other; hence they are equilibrated and 
in unison. That is, the copper atoms are not in average har- 
mony, they are in unison; every atom of the mass of copper 
is in absolute harmony with every other atom. The same is 
the case with the atoms of zinc. 

The sulphate of copper, being a chemical resultant, has 
been restored to the average harmony of the mass by the 
energy “electricity,” in proportion as its elements, sulphur 
and copper, may have absorbed the vibrations of light rays, 
for which their individual atoms had an affinity. The crys- 
tals having been deposited in water, the opposition to the 
average harmony is more powerful than the electrical energy 
can resist, and the mass disintegrates. 

The atoms of copper (which had been combined in aver- 
age harmony with the sulphur) having an affinity for the 
copper element of the battery, are deposited thereon and 
become in unison therewith, while the sulphur, being a cor- 
rodent of zinc, attempts to displace the zine element. This 
attempt at displacement is resisted by the atomic unison of 
the zinc mass, and makes a new average harmony necessary ; 
then the new energy to restore order—electricity—becomes 
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operative, and not being able to enter the zine by way of 
the solution, because of the deposit wpon its surface of 
oxide, it rushes as a current through the wire circuit to the 
zine, and in its passage harmonizes with the absorbed light 
rays of that portion of the mass, and slightly disturbs its 
atomic unison, hence resistance (and magneto-inductive 
action). Order is restored, however, and it reaches the zine- 
And in restoring to an average harmony the atoms of the 
opposing zine and sulphur, the zine in the solution is disinte- 
grated ; a portion of its absorbed light rays escaping as hy- 
drogen gas, and the balance being united in average harmony 
with the sulphur in a new mass, sulphate of zinc, whose 
equilibration is the color of the quintessence of light, white. 

The operation of dynamic electricity is precisely the same. 
The revolution of the armature destroys the unison of the 
mass, and brings into inductive proximity the new condition 
{atomic opposition) that requires a new condition of energy 
—electricity—to restore the mass to an average harmony, 
and the greater the rapidity with which these changes occur, 
the greater the tension of the electrical current; so that if 
“an apparatus can be made that can disturb the mass unison 
with sufficient rapidity, and restore it again before the 
natural equilibrator—electricity—can act, there will be 
drawn from the mass its life, the vibrations of light rays, 
and an artificial light be possible that is not the resultant 
of heat, but which will be similar to the Aurora Borealis. 

I doubt if further detail could make more clear “ What 
Electricity Is,” though it is possible to recite many applica- 
tions in proof of the accuracy of this hypothesis. Indeed, one 
may take any subject, and by its application be able to com- 
prehend how “ electricity ” is a factor, and in what relation.' 


1] use the term “average harmony ” in contradistinction to“ harmony” and 
“unison,” no one term being expressive ofthe three conditions. The analogous 
application in acoustics is particularly demonstrated in music, where in an 
octave the first and eighth are in unison; first, third, fifth and eighth are in 
harmony ; first, third, fifth and seventh are in average harmony. A perfect 
tifth is harmony. A minor third is average harmony. In the seventh and 
minor third there is a discordant factor that is neither in unison nor in har- 
mony with any other factor, yet in the average harmony of all the factors the 
discord is eliminated or rather averaged with the other factors, the resultant 
being the average or composite harmony of the mass of acoustic vibrations ; 
so likewise in light rays. 
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THE ELSEVIERS. 
(THE FAMOUS DUTCH PRINTERS.) 
By tHe Baroness ALTHEA SALVADOR. 


Foreigners who visit Leyden lament the disappearance: 
of the Elsevier establishment, from which were sent out so 
many typographical masterpieces of great value, masterpieces 
that now are only found in museums and rare collections. 

To the mind of a book-lover, Elsevier and Leyden are 
synonymous terms. -In the sixteenth and seventeenth centu- 
ries Leyden was the most prosperous town of Holland, and, 
in number of inhabitants, second only to Amsterdam. Victo- 
rious over the Spaniards, after a most memorable siege, it 
was rewarded by William the Silent with a university, which 
in those days had no rival. Leyden became first the in- 
tellectual center of Holland, afterward the beacon light for 
all Europe. 

The reputation of the University of Leyden attracted to 
that town Louis Elsevier, a Flemish book-binder, obliged to 
flee from Louvain because of religious persecution. With 
his wife, five sons and a daughter, Louis Elsevier arrived in 
Leyden at the beginning of the year 1580. Of his ancestors 
nothing is known, and although the Elseviers are said to be 
an old Flemish Catholic family, called IHelschevier, we are 
more disposed to believe that they were of the Semitic race, 
and belonged to the Israelites who fled from Spain in the 
sixteenth century. 
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Louis Elsevier was not without fortune, for he bought a 
house opposite the Leyden University, and established him- 
self as a book-binder. Many volumes, bound by him in 
vellum, may be seen to-day in the University Library, But, 
anxious to increase his modest income, Louis Elsevier added 
book-selling to book-binding, and in 1583 we find that 
Johanni Drusii Ebraicarum questionum sive questionum ac 
responsionum libri duo, videlicet secundus ac tertius, in-8, could 
be procured apud Ludovicum Elsevierium, e regione schole 
nove, Lugduni Batavorum. 

This work, of 126 pages, bore the emblem of a hand ruling 
music paper, and the device Aquabilitate. Certainly the 
Drusius was not edited at the expense of Elsevier, for in 
that case his name would have appeared as publisher. 

In 1586, after some service rendered the University, Louis 
Elsevier was appointed pedellus, or bedel, with a salary of 
seventy-two florins a year. In the following year Louis 
Elsevier addressed a petition to the curators; he prayed that 
he might be allowed to construct a small building on the 
University grounds, and the request was granted. Until 
1595 no rent was required for the land, and even then 
Elsevier was asked to give, annually, only the sum of seventy- 
five florins. Thus, under the auspices of the Leyden Uni- 
versity, was erected an humble establishment, the founda- 
tion of the Elseviers’ fortune, and the cradle of their glory. 
In 1594 Elsevier was made a citizen of Leyden, and though 
until that time he had suffered much financial embarrass- 
ment, from that day fortune showered upon him favor and 
prosperity. Before 1594 Elsevier had only published, at his 
own expense, the works of Eutropius, the historian of the 
fourth century, but after that date publication followed 
publication. The emblem of the Hutropius is an angel, hold- 
ing in one hand a book, and in the other a scythe; but after 
the appearance of this work, Elsevier used his famous 
emblem—an eagle, with the bundle of seven arrows and the 
motto Concordia Res Parvee Crescunt—for twenty-five years 
the distinctive symbol of the house. The sheaf of arrows 
represented the Seven United Provinces of the Netherlands, 
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a flattering tribute to the govern- 
ment of the Dutch Republic, under 
whose protection Louis Elsevier 
had placed himself. At the same 
time he began to frequent the 
semi-annual fairs at Frankfort, 
then the great international mar- 
ket for European book-sellers. 
There he had a book-stall, and, 
acquiring the confidence of many 
celebrated publishers, Elsevier not 
only sold books, but entered into relations with savants and 
gens de lettres. In fact, he gained an honorable income, and 
at the same time won the esteem of the most distinguished 
men of hisage. The town of Leyden showed its appreciation 
of his merit by naming him “eer, or chief of his quarter. In 
1616, when Louis Elsevier was seventy-five years old, his 
grandson, Isaac Elsevier, bought a printing establishment, 
and thus, during the lifetime of the founder of the family, 
were united all the elements of future glory. Louis Elsevier 
had never been more than a publisher, and all his publica- 
tions were printed in the presses of his colleagues. Conse- 
quently, we understand that before 1617 no works were 
printed by the Elseviers, although some published previous 
to that date bear the name. 

We have said that Louis Elsevier had been made bedel of 
the University; in 1607 his son Matthew was appointed 
assistant, and in November, 1616, when a portion of the Uni- 
versity was burned, it was discovered that the fire was caused 
by the negligence of the bedels. Matthew was asked to 
resign, but, because of his great age, Louis Elsevier’s resigna- 
tion was not requested. He was much affected by this sad ac- 
cident, and three months after the occurrence he passed away. 

Of Louis’s seven sons, five were identified with the cause of 
printing and publishing. Matthew, the eldest son, after the 
death of his father, was restored to his place as /edel of the 
University,and, with his brother Bonaventure, for a number 
of years carried on the book-selling and publishing business 


| 
| a 
| 
- 
| 
| 
} 
= 


336 The Elseviers. 


in Leyden. The names of Matthew and Bonaventure appear 
on only two works of Simon Stevin, published in 1618 ; their 
remaining two hundred and forty-four publications are signed 
ex-officina Elsevieriana. 

In 1622 Matthew sold his share of the business to his son 
Abraham, for 11,217 florins; the partnership between Bona- 
venture and his nephew, Abraham Elsevier, lasted thirty 
years, and immortalized the name. 

Isaac Elsevier, of whom we have already spoken, was the 
second son of Matthew; he was the first of the family to own 
a printing establishment, and in 1620 Isaac was named 
“legal printer” of the University. In 1621 he was author- 
ized by the curators to construct a small printing house, next 
the establishment of his father. This was so arranged that 
all the type-setters and apprentices could enter by the pub- 
lishing house, while professors and students were admitted 
by a door opening into the courtyard of the University. 

Isaac’s first productions date from 1617, and these were 
printed at the expense of his grandfather. Among them 
there is only one small-sized edition, the Satyra dua. When 
Louis Elsevier died, Isaac continued to print for Matthew 
and Bonaventure, then for Bonaventure and Abraham. 
Appointed “legal printer” of the University, Isaac adopted 
the typographical emblem of the elm, embraced by a grape- 
vine; a philosopher standing before the tree tries to pluck 
a bunch of grapes. The motto is non solus. From that 
time this emblem was used by the Elseviers of Leyden. 

In 1625 Isaac Elsevier bought from the widow of 
Erpenius, the Orientalist, his presses, blocks, stamps and 
types. Erpenius had established a press in his own house 
for printing works of Oriental writers, but when he died 
there was no one to carry out his plan. The University pro- 
fessors looked upon Isaac Elsevier as a patriot when he 
bought these valuable types and continued the work. How- 
ever, at the end of the year 1625, Isaac sold to Bonaventure 
and Abraham his presses, types, and the building in which 
they were installed for the sum of 11,000 florins, and his 
typographical career was ended. The same year Bonaven- 
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ture married Sarah, daughter of Daniel van Cuelen, a Cal- 
vinist exile from Ghent, and Regent of the Wallon College, 
in Leyden. Daniel van Cuelen’s son was Professor of Law 
in the University of Leyden. Bonaventure Elsevier was a 
strict Calvinist, and his faith was that formulated by the 
famous synod of Dordrecht. Consequently, all the Calvinistie 
savants patronized the Elsevier presses. Bonaventure and 
Abraham had the fixed intention of producing chefs d’@uvre, 
of which their predecessors had never dreamed, and each 
year marked their progress, until in 1635 they issued the 
Plinii, Caesar, and Terentius, that carried them to the apogee 
of their fame. 

They had succeeded Isaac as “legal printers” of the Uni- 
versity, and in the division of labor Bonaventure was pub- 
lisher, while Abraham, nine years younger, devoted himself 
to typographical work. Daniel Hensius, the great savant, ex- 
ercised much influence over the Elseviers, and seldom did they 
undertake a work of importance without asking his advice. 

Abraham Elsevier died August 14, 1652, and one month 
later his uncle, Bonaventure, followed him to the tomb. 
The University of Leyden caused a medal to be struck in 
honor of Abraham, who was the greatest typographer of his 
time. Without Abraham, Bonaventure would have been a 
simple publisher, and the successors of the former had only 
to follow his example. None ever surpassed him, and A bra- 
ham is remembered as the greatest of the Elseviers. 

Bonaventure left by will his half of the printing and pub- 
lishing interests to his son Daniel, and Abraham’s share 
became the inheritance of his son, Johann. Both Daniel 
and Jvhann had represented the Elseviers in France, Den- 
mark and other countries, thus forming many acquaintances, 
very useful to them, when they became proprietors of the 
printing and publishing establishment. It was difficult for 
two young men, the eldest not thirty years old, to maintain 
the fame of so renowned a house, but in no way did they 
diminish the splendor of the name. There are no more 
beautiful Elsevier editions than the Jinitation of Jesus Christ, 


and the Psa/ms, both signed by Daniel and Johann. 
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ILowever, the University of Leyden was then passing 
through a crisis. and the title of “legal printer” became a 
burden to the Elseviers. The curators found the bills for 
printing exaggerated, and the partners understood they must 
seck their patrons outside the University. One of their rela- 
tives, Louis Elsevier, son of Josse, the fourth son of Louis L, 
after traveling in France, Italy and Denmark, after gaining 
the friendship of the greatest saranfs in Europe, of Lucas 
Holstenius, the Librarian of Cardinal Barberini, of Meursius, 
Vossius, Corvinus, and Wiequefort, had established himself 
in 1637 as a publisher in Amsterdam; but from the begin- 
ning he had one ambition, to add to his publishing house 
a printing establishment. Although many works were pub- 
lished by Louis Elsevier before 1640, we find that ouly from 
that date were all his publications printed on lis own presses. 

Louis Elsevier prospered, and soon his establishment be- 
“ame a rival of that in Leyden. Between 1640 and 1655, 
Louis, unaided, published two hundred and nineteen works, 
aud finding that it was impossible to continue without a 
partner, he invited Daniel Elsevier, of Leyden, to join him. 
Daniel had married Anna Beerninek, niece and ward of 
Louis Elsevier, so that he looked favorably upon the pro- 
posed partnership, and, especially as the Amsterdam house 
was in so flourishing a condition, he saw the advantages that 
would become his by transferring his interests from Leyden. 
Thus, two years and a half after their inheritance, Daniel 
and Johann dissolved their partnership. Although Johann 
did not’ lose courage alter the departure of Daniel, the 
Leyden house became less and less prosperous, and in June, 
1661, Johann died, aged only 59 years. Ilis widow con- 
tinued printing, and was made “legal printer” of the 
University, but while the Zacitus and the Confessions of Saint 
Angustine, published by her, rank with the great Elseviers, 
the glory of the Leyden house had departed. Johann’s 
widow died in 1681, and was succeeded by her second son, 
Abraham. He was also made “legal printer” of the Uni- 
versity, but in his hands the Elsevier establishment became 
a disgrace to the name. February 20,1713, a few months 
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after Abraham’s death, the printing establishment with 
presses, type, the Erpenius blocks and characters were all 
sold at auction for less than 2,000 florins, and the curators 
of the University published a report in which it was written 
that “for a number of years the bad administration of this 
printing house had been injurious to the University. The 
type was worn out, the paper bad, the proofs were not cor- 
rected, and many students preferred to send their work to 
Utrecht.” Fifty years before, at the death of Abraham’s 
grandfather, the University had caused a medal to be struck 
in honor of his illustrious name. What a downfall! 

While the Elsevier establishment in Leyden diminished 
in prosperity, that of Amsterdam flourished to the greatest 
degree. During the ten years of partnership between Louis 
ILI. and Daniel Elsevier, we count one hundred and fifty 
publications. The chef dwurre was the Desmarets Bible, 
two volumes in folio, which appeared in 1669, but was 
planned by Louis before he retired in 1664. In 1670 Louis 
died, and although for six years Daniel had tried to manage 
the business alone, at the death of his partner he felt almost 
helpless. Fortunately, he procured the services of Heinrich 
Wetstein and Jacob van Zetter, young printers noted for 
their talent and zeal, and with their aid Daniel Elsevier 
realized his ambitious dreams. From all quarters came 
patrons, and between 1675 and 1680 ninety works were 
issued from his presses. Daniel’s death in 1680 was con- 
sidered a national calamity; his wife published four or five 
volumes in 1681, but in March of that year she passed away, 
and the situation of the Amsterdam Elseviers was desperate. 
Daniel left seven children ; his only son was nineteen years 
old, and had no knowledge whatever of the business that had 
made his family famous. There was nothing to be done but 
to dispose of printing presses and books, and the unique 
collection of typographical chefs d’@urre was sold to the high- 
est bidder. Daniel was really the last of the Elseviers, for 
the establishment at Leyden was then unworthy of its past. 

The Elseviers were not a family, but a dynasty; and 
among the others known to fame were Louis, second son of 
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Louis I., who, as early as 1590, had a book-stall in the Binnen- 
hof of The Hague. There he remained until 1621, and pub- 
lished seven works; among them were the Repentance of Jean 
Haren, in French and Dutch (1610), and the Sentences Against 
Oldenbarneveld, HugoGrotius, Ledenberg and Hoogerbeets (1619). 

Gilles, third son of Louis I., replaced his brother one year 
at The Hague, and, in 1599, published a book, Navigatio ae 
Itinerarium Toh. Hug. Liuscotani. Josse, fourth son of Louis 
Elsevier L., was bookseller at Utrecht between 1598 and 1617. 
Jacob Elsevier, son of Matthew, sueceeded Louis IT. as 
bookseller at The Hague, in 1621, and there remained until 
1636. Two works bear his name, and both were printed by 
Isaac Elsevier, in the Leyden presses, at the expense of Jacob 
Elsevier. They are Homilia in locum Johannis (cap. xvii 
vers. 9, 1625—pet., in—12), by Daniel Hensius, and Albert 
Girard’s Tables des Sinus, tangentes et secantes (1626). Both 
of these works bear the emblem designed by Isaac Elsevier, 
the “elm, grapes and philosopher.” 

Pieter Elsevier was grandson of Josse,and great grandson 
of Louis ElsevierI. In 1667 he became bookseller at Utrecht, 
and from 1668 to 1675 he published about ten works. The 
war between Louis XIV. and the Dutch Republic discour- 
aged Pieter Elsevier; and when, in 1672, the French troops 
entered Utrecht, he decided that, should he find a purchaser, 
he would sell his publishing house. Not until 1675, how- 
ever, did Pieter dispose of his books at auction, and after 
that date we hear of him only as holding public office in the 
town of Utrecht. 

The Elsevier editions are distinguished from others by 
their form, size, type, typographical characters, vignettes, 
tail-pieces, and initial letters. The paper used by the Else- 
viers was brought from France and Germany, until, in 1671, 
the States-General passed a law that no more French paper 
should be imported. From that time, the Elseviers employed 
paper manufactured in Holland. The greater number of the 
Elsevier editions are in duodecimo form, although works of 
all sizes were printed. 
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Before 1639, Bonaventure and Abraham Elsevier employed 
paper much smaller than after that date,and the duodecimo 
editions vary from five inches to five inches and _ three- 
quarters in length, as seen in the Cesar, of 1635, the Seneca, 
of 1640, and the Malebranche and Saint-Disdier, published in 
Amsterdam, 1680. The Boccaccio, of 1665, and Titus Livius, 
of 1678, were in duodecimo form, six inches in length. 

Only five works were printed on vellum by the Elseviers. 
These were the De Contemptu mortis, of Daniel Tensius, 
printed by Isaac Elsevier, in 1621, quarto, two copies; an 
octavo of the same work, printed at the same time; Mal- 
vezzi's Tyrannus, printed in 1636, small duodecimo ; Nova 
Hebrei tabella, pamphlet, in 1627; and the Aphorisms 
of Ilippocrates, 24m., published by the widow of Johann 
Elsevier, in 1666. Three Elseviers were printed on colored 
paper: Aphorisms of Hippocrates, 1628, on yellow, Corpus 
juris, of 1681, on green, and Spigelus, 1633, on blue paper. 

The duodecimo Elseviers are the most characteristic of 
typographical art, and the only ones sought by collectors. 
Guez de Balzac, the philosopher, who lived in the first half 
of the seventeenth century, gave permission to the Elseviers 
to publish his works; and so delighted was he with their 
duodecimo form, that his gratitude was expressed by a 
charming letter: “Tam more grateful than you can think. 
To be placed among your authors is to take rank with the 
Ciceros and Sallusts. What glory to be able to say that I 
form a part of this immortal republic, that I have been seen 
in this society of demi-gods. Indeed, we all inhabit Leyden 
under the same roof. Thanks to you, I am sometimes 
opposite Pliny, sometimes beside Seneca, sometimes above 
or below Tacitus and Livy. I occupy little space, but I am 
very comfortable, and in very good company. [ am far from 
complaining that you have placed me in a small volume, and, 
although not in folio, I am, no less, your obedient servant.” 

The beautiful type that has always been called “ Elsevierian 
type” was really made by a Dutch engraver, Christopher 
van Dyck, who died about 1670, and who, as after much re- 
search has been discovered, manufactured the type not only 
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for the Amsterdam Elseviers, but also for those of Leyden. 
Of this type, nothing remains at the present day, for, after 
the Elsevier auctions of 1681 and 1715, the van Dyck type 
passed from hand to hand, until the last piece was melted. 
Only afterward was it discovered that the van Dyck type 
had aided in immortalizing the name of Elsevier.' 

Every volume published by the Elseviers bears, on the 
title page, one of their four typographical emblems. We 
have already spoken of the “eagle” and the “elm,” used in 
Leyden, but the Elseviers of that town employed also the 
“palm tree,” with the motto, Assurgo pressa. This was the 
emblem of Erpenius, Professor of Oriental Literature; and 
when the Elseviers bought his press, they used the “ palm tree” 
on ten works ; among them aSyrian Psa/ter and an Apocalypse. 

The Elseviers of Amsterdam used but one emblem, the 
“ Minerva,” with the motto, Ne extra oleas. This motto was 
translated from a passage of Aris- 
tophanes, My tay 

There is another Elsevierian 
mark, common to both houses ; 
this is a “burning bush,” and is 
supposed to be the allusive arms 
of the Elseviers, 
as /se-vier, ac- 
cording to the 
old pronuncia- 
tions, means “alder-bush fire.” But a special plate was 
never made for this mark, and it is only seen on the frontis- 
piece of a few volumes ; among them the J/ippocrates, of 1628, 
and the Barleus, of 1631. 

After careful investigation, we find that the Elseviers of 


Leyden and Amsterdam employed sixty-four vignettes and 
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1 Monsieur Alphonse Willems, a Belgian writer, says that in the archives of 
the Plantin Museum, Antwerp, he discovered that the widow of Daniel Else- 
vier wished to sell the van Dyck types to this museum. 

The letter of Madame Elsevier clearly states that Christopher van Dyck 
was the greatest engraver of his time, and that to him the Elseviers owed 
their great success as printers. 
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tail-pieces. Among the Leyden vignettes are the “elm and 
philosopher,” chapter heading of Barelaii Argensis ; the 
“buffalo head,’ which 

appears for the first time 
ORE in Picherel, 1629; the 
“Sy ren,’ employed first 

in Golnitz, in 1636, and 

a “bouquet of flowers and fruit,”used in De la Place, 1658. 
The principal tail-pieces employed in Leyden are the 
“grotesque mask, 


supporting bou- 
? tius, 1633; the“open 
» of Leyden, crossed,” 
dusa head,” Cesar, 
ing a crab,” Teren- 
wlobe,” seen for the 


quet,” Quintus-Cur- 
book, with the keys 
Ovidius, 1629; “*Me- 
1635; “‘mask hold- 
tius, 1635, and the 
first time in Suero-Bosco, 1626. 

Among the vignettes in use at Amsterdam was the “ York 
rose,” with a crown, and the letters FE. R., signifying E/iza- 
betha Regina ; another was the “delta;” and still another 
represented * crossed sceptres,” surrounded by English roses 
and Scotch thistles; this was seen on the Pastissier Francois, 
of 1655. 

The tail-pieces were very similar to those of Leyden: an 
* and a tail-piece with 


“angel blowing a double cornet” 
the monogram E. T. D. are those that show more originality. 

In early times the Elseviers ornamented their initial 
letters with shaded strokes, and with figures of men and 
animals. These initial letters were rarely em- 
ployed in the small editions ; but in 1627, when 
they adopted the exnsmania of foliage, these 
letters were used for all formats. The estab- 
lishments of Leyden and Amsterdam employed 
initial letters that differed in size and character, 
so that by regarding these letters alone one 
can easily determine in which of these two 
towns a work was printed. 

It is strange that the Lucyclopadia Britannica makes only 
two statements about the Elseviers, and that both these 
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statements are incorrect. The Encyclopedia spells the name 
“Elzevirs,” instead of Elsevier, and also informs us that 
Louis Elsevier, founder ©! the jamily, was the first to observe 
the lstinction between the consonant v and the vowel w—a 
'. ction before recommended hy Ramus and other writers, 
but never regarded. It is only necessary to examine the 
Elsevier editions in order to be assured thet these honest 
printers had not the slightest idea of a distinction between v 
and #; and certainly, until the third generation of Elseviers, 
not a member of the family had suflicient instruction to 
understand the importance of a distinction. The Elseviers 
never pretended to be more than printers and book-binders, 
who took pride in using the best paper, type, and bindings, 
but were perfectly incapable of correcting the proofs of their 
various editions. Towever, their proof-correctors were 
chosen among the most experienced of the time. A German 
writer says that women were employed as correctors, because 
“they dared not modify the text in an arbitrary manner,” 
but this isa mistake. Often a work was submitted to several 
correctors before it was revised by the author. This may be 
a reason why there is no systematic orthography in the Else- 
vier editions; we find vf and ut, Pompejus and Pompeius, 
epistolee and epistofe, In spite of the care taken by correctors 
and authors, some of the editions are very faulty. For in- 
stance, Nicolas Hensius could not read his father’s famous 
edition of Virgi (1636) without anger, because of the errors 
in orthography, ete. This same Iensius wrote to Daniel 
Elsevier, complaining of the mistakes in his edition of 
Patereulus, The publisher replied: “I am surprised that 
you still tind mistakes in your work, for the proofs were 
reviewed by three correctors and revised by yourself. Tf, 
after that care, the printing cannot be done correctly, it is 
better not to attempt the work 1” 

The Elseviers printed twenty-one catalogues of their 
works, from which we learn that their publications amounted 
to one thousand five hundred and eighty-seven. This number 
includes the famous “ Republics” (Respublice diversorum 
auctorum), but not the “Theses,” which, as legal printers of 
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the Leyden University, the Elseviers were obliged to publish. 
Between the years 1654 and 1712 two thousand seven hun- 
dred and thirty-seven “ Theses” were printed by them. 

The first catalogue issued by the Elseviers is dated 1628. 
A copy of this is in the Plantin Museum, at Antwerp. The 
National Library of Paris possesses that of 1634, and also 
copies of the catalogues of 1653 and 1659. These catalogues 
are very curious, because the prices of the books named are 
mentioned therein. Editions then sold for two or three 
florins are now valued at hundreds of florins. 

For instance, there is the Pustissier Francois,a work of 
very little merit, published in ordinary form by the Amster- 
dam Elseviers in 1653. The price marked on the catalogue is 
thirteen stuivers (twenty-six cents), and the thirty copies in 
existence have been purchased on an average of $1,000 each. 
In 1878 a noted Lsevierophile did not hesitate to pay $2,000 
for his copy of the Pastissier Francois. 

No precise record of the number of copies in an Elsevier 
edition has been made, but it is certain that few editions of 
less than one thousand copies were ever issued. Many edi- 
tions had more than one thousand copies, and the famous 
Elsevier edition of the New Testament (Leyden, 1636), com- 
prised two thousand copies. This work conformed partly 
to the text of Stephen, partly to that of Béza, and has been 
called the “ textus receptus,” or received text. 

Although for the past one hundred and eighty years the 
Elseviers have not been identified with printing and publish- 
ing, members of this family, called by Vlitius Suavissimos 
Elsevierios, have won distinction in the Dutch navy and 
government service. 

In 1820 King William I. of The Netherlands, ennobled 
the Elseviers, but this honor was granted, not in memory 
of their typographical talents, but for their services to the 


country and their fidelity to the llouse of Orange. 
LeypeEn, December, 1894. 
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THE WORLD'S CABLES. 


By Moses P. [anpy. 

“All idea of connecting Europe with America by lines extending directly 
across the Atlantic is utterly impracticable and absurd. ... But by way of 
Bering Straits the whole thing is practicable, and its ultimate accomplishment 
is only a question of time.” (Historical Sketch of the Electric Telegraph, by Alex- 
ander Jones, New York, 1852.) 

The feelings of Mr. Alexander Jones, when he closed the 
first chapter of his very entertaining volume with these words, 
were probably those of a man who is certain that for once 
a quota of truth has been added to the mass of fallacious 
prophecy that adorns the pages of the world’s history. Alas! 
the glorious uncertainty of the prophet’s calling! Not two 
years later Mr. F. N. Gisborne, the pioneer of telegraphy in 
the maritime provinces, was discussing with a certain Mr. 
Cyrus Field, of New York, a serious project for a trans-At- 
lantic cable; a project which, after partial success and failure 
in 1858, was destined to glorious and permanent triumph in 
1866. And now, if Mr. Alexander Jones still lives, hemay see 
the Bering Straits a peaceful sealing ground, while under the 
North Atlantic lie twice as many miles of telegraph wire as 
in 1852 could be found in the whole length and breadth of the 
United States. 

Moreover, that Atlantic which seemed an insuperable 
barrier fifty years ago, is by no means the only ocean that has 
yielded its bed to the demands of science and trade. Accord- 
ing to the last report of the International Bureau of Tele- 
graphs, the submarine cables of the world have found their 
way into every sea, and touched almost every land, until com- 
bined they reach the very great length of one hundred and 
eighty-one thousand four -hundred and thirteen miles. No 
less than thirty governments and twenty-seven companies own 
these cables, which vary in length from a mere fraction of a 
mile to more than two thousand miles. And this growth has 
yet to reach its maximum. The Pacific is almost a virgin 
field, lacking as its does even one great intercontinental line; 
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while the multiplication of short cables, linking together 
islands, if not continents, goes on continually. The cable, 
which in thirty years has not only become well-nigh ubiqui- 
tous but also one of the absolute necessities of commerce, is 
but another illustration of the marvelous fecundity of nine- 
teenth century invention. Without the cable the merchant 
of to-day would be lost in a wilderness of uncertainty, the 
statesman would miss one of his most useful and necessary 
servants, and the newspaper would lose half its title to the 
hame, 

Ifaving existed during the life of but one generation, it is 
natural that the cable should still be to many an object of 
mystery, and the extent to which its ramifications cover the 
world a matter of considerable ignorance. In dealing with 
the cable system of the world, it is perhaps as well, there- 
fore, to begin at the beginning, and that is naturally the 
making of the cable. 

Now the making of an ocean cable is a task involving 
no small amount of skill and mechanical ingenuity, and it 
is something to the credit of the first cable makers that 
their pattern has not greatly changed in thirty years. When 
the Commercial Cable Company—which, as the most purely 
American of all the companies, makes an excellent subject 
for illustration—decided to lay anew Atlantic cable last year, 
the work was entrusted to the firm of Siemens Bros.,of Wool- 
wich, London. As this firm has constructed no less than eight 
out of the eleven cables now linking Great Britain and the 
United States, its methods of manufacture may be watched 
as typical of the best. 

The first care of a cable manufacturer is to secure the very 
best materials. The copper wire, which forms the heart and 
essential part of the cable, must be of the purest metal, since 
the purer the metal the higher its standard of conductivity 
will be. Every strand and every coil of wire that goes into 
the cable is expected to reach a certain standard ; and to such 
a degree of excellence is the making of copper wire for elec- 
trical purposes brought nowadays, that the material submitted 
is more frequently above that standard than below. The 
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single wires having"passed the test for purity and conducting 
power, eleven similarstrands are taken and spun into aslender 
rope in lengths of one mile. Gutta-percha insulation is then 
applied in sheets prepared from the raw material as it comes 
to hand from Singapore and other Malay ports. These sheets 
are wrapped by experienced hands so firmly and smoothly 
round the wire that not an air-bubblecan remain between the 
copper and its insulator. The “core” is then ready to be 
submitted to a galvanometer test, to ascertain whether the 
insulation is perfect, or as nearly perfect as that very elusive 
agent electricity will permit. That test having been satis- 
factorily passed, a workman, whose sole business it is to 
attend to the joining of the lengths of cable, splices the ends 
of the mile lengths. Again the insulation test is applied. 
The galvanometer indicating no very appreciable loss of 
electricity, even under the strain of an alternating current 
of five thousand volts, the core is passed into the hands of the 
sheathers, whose care it is to surround the copper and gutta- 
percha with a more substantial protective covering before 
they are submitted to the rough action of the sea. And now 
the weight and size of the cable become appreciable. Already 
each mile length has in it some five hundred pounds of pure 
copper, and three hundred and forty pounds of pure gutta- 
percha. Over this isspun a coat of jute yarn weighing nearly 
six hundred pounds to the mile. Then the cable is made the 
center of a twisted sheath of steel wires of the stoutest kind, 
averaging more than four thousand pounds to the mile. And 
finally a compound of tar is laid over the whole, which brings 
its own weight of eight hundred pounds to the mile. After 
the tar is applied, the cable is coiled and left to soak in tanks 
of water until such time as the cable ship shall be ready to 
lay it in its last resting place. 

Such a cable as this is made at the rate of fifty to fifty-five 
miles per twenty-four hours. As the latest Atlantic cable 
was two thousand two hundred and one miles in length the 
work kept Messrs. Siemens’ men busy through the winter of 
1893-’94, and it was not until April last that the cable ship 
Faraday, a vessel of four thousand nine hundred and seven- 
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teen tons, took the first two sections on board and proceeded 
to the Commercial Cable Company’s station at Waterville, 
Ireland. There the first section was laid for one hundred 
and forty-three miles in a westerly direction, the end being 
then buoyed, and left to the mercy of the Atlantic, and the 
perils of passing vessels. Crossing the ocean, the Faraday 
laid a shore-end from Canso, the Nova Scotia station, east- 
ward for five hundred and two miles. Again a buoy was 
dropped to mark the sea-end of the cable, and the vessel 
returned to Woolwich to take on board the deep-sea portion, 
amounting to some fifteen hundred miles. In June the 
Waterville cable was picked up again and a splice made 
with the middle length, and after ten days steaming the 
connection was made with the Canso end. Congratulations 
passed over the wire from Ireland to Nova Scotia, and, her 
work safely and expeditiously accomplished, the Maraday 
returned to her Woolwich station. In the neatness with 
which the work was done and its freedom from mishap this 
laying of the eleventh Atlantic cable formed a striking con- 
trast to the laying of the first, and may be taken to demon- 
strate that the science of cable-laying has reached almost 
the acme of perfection. The use of three sections requires a 
word of explanation. In the manufacture of an ocean cable, 
while the core remains the same, it is very necessary that 
the sheathing should be materially strengthened at the shore- 
ends, where the cable is liable to the stress and strain of ice 
and rough weather, or the danger arising from wrecks and 
the dragging anchors of vessels. Accordingly, while the 
sheathing of the middle portion generally consists of a large 
number of small steel wires, the shore-ends will show in 
cross section a second sheath consisting of a dozen interwoven 
strands, each strand itself being composed of three twisted 
wires. In spite of this double protection the shore-end of a 
cable is not infrequently crushed ilat by the pressure of ice- 
floes. In mid-ocean, sunk to a depth sometimes of two 
thousand fathoms, the cable has little to fear unless from the 
not impossible contingency of earthquake. 
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The Faraday, with its complicated gearing for paying 
out cable, its grappling instruments for finding and raising 
lost or broken cables, its delicate electrical apparatus, and its 
complement of skilled officers and men, finds its parallel in 
nearly forty vessels belonging to the great cable corporations 
and cable construction companies of the world. The British 
and French Governments, which are the only two actively 
engaged in the business, each owns two vessels. In this 
substantial fleet, which gathered in one spot would make 
quite an imposing appearance, there are three vessels of over 
four thousand tons burden, three over three thousand, and 
twenty over one thousand. They are stationed in all parts 
of the world, from Formosa to Callao, and Brest to Halifax. 
The men who belong to them form a class by themselves, 
and acquire a remarkable familiarity with cables, and their 
tricks and vagaries when buried beneath the surface of the 
ocean. 

That the cost of maintenance of a cable is no small matter 
is suggested by the statement that the Mackay-Bennett, a 
superb steamer, with every appliance dictated by science and 
experience, was built by the Commercial Cable Company for 
the express purpose of keeping their north Atlantic lines in 
repair, and is kept constantly in use. Constructed at an ex- 
pense of about half a million dollars, the cost of keeping this 
steamer in commission is about one hundred thousand dollars 
annually. Within four hours she can be under weigh, 
prepared to steam with precision to within a thousand yards 
of any spot where a defect in the cable may exist. 

Ilaving sketched the making and laying of a cable, it 
is not out of place to inquire how a message is recorded. 
The system that is in favor at the present time is the siphon 
recorder, invented by Sir William Thomson (now Lord 
Kelvin), and improved by later electricians. In this the 
principal parts are a light rectangular coil of silk-covered 
wire and a powerful magnet. The coil is suspended between 
the poles of the magnet, and, when excited by the current 
from the cable, swings on a vertical axis. Its movements 
are recorded on a paper ribbon, drawn at a uniform speed, 
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before the fine point of a glass siphon. The stream of ink 
from the siphon responds to and multiplies every movement 
of the coil, and leaves on the ribbon an inky trail which, 
while meaningless to the uninitiated, can be readily tran- 
scribed by the operator. The Commercial Cable Company, 
which uses this siphon recorder, claims for it a constant 
speed of two hundred and fifty to three hundred letters per 
minute. 

Accurate recording is one of the essentials where great 
speed is attempted in the sending of cablegrams. For two 
recent speed records one has to turn again to the doings of 
the Commercial Cable Company. It appears that in Sep- 
tember of last year, a Manchester packing company had 
occasion to telegraph to their manager, at Victoria, British 
Columbia. The message was handed in at the office of the 
Cable Company, in Moult street, Manchester ; a trial of speed 

yas attempted, and the answer came back in ninety seconds, 
the total distance by the wires being thirteen thousand miles. 
Equally sensational was the dispatch and receipt of a mes- 
sage over the New York and London wires in five seconds, 
a feat performed in October last. 

After all, it is not the making, laying or work of the cable 
that appeals most strongly to the mind of the user, as the 
prime feature of the cost of dispatching a message. Here one 
treads on unstable ground, for rates are constantly changing 
as the parallel lines increase and as the clients of a cable 
company grow. Ten years ago it cost nearly twice as much 
to send a cablegram from one side of the Atlantic to the 
other as it does to-day. When the Commercial began busi- 
ness, it started with a rate twenty per cent. lower than that 
of its older competitors. A rate war ensued, which resulted 
in the establishment of a uniform rate of twenty-five cents 
per word, and at that figure it is likely to remain until a 
lower rate can be made profitable. But the cost of crossing 
the Atlantic is only the first and most moderate charge in 
the case of many cable messages. The man who wishes to 
reach the antipodes by cable must figure closely on the num- 
ber of words he is about to use, or otherwise his cable 
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account will run into alarming figures. If he finds it neces- 
sary to send a message to Australia, the Eastern Extension 
or Indo-European Company will charge him $1.33 per word, 
in addition to the twenty-five-cent rate to London. If, by 
any mischance, the lines of that company are out of order, 
and he is compelled to fall back on the longer land route 
through Siberia and China, controlled by the Northern 
Company, he will be asked to pay $3.83 from London, for 
each word in the message, including the address. He is 
more fortunate in one way if his message goes to Foochow, 
Hong-Kong or Shanghai, in China, for though the rate is 
$1.71, he has choice of either route. To Canton, in the same 
country, he must pay $1.84, and to other places, $2.14. The 
cable rates from London to Africa, naturally, vary consider- 
ably, as between the northern and the southern extremities 
of that great continent. One can have the distinction of 
sending a dispatch to Tunis for seven cents a word, or thirty- 
two cents in all from New York; while, if the destination 
is Fort Salisbury, the capital of Cecil Rhodes’s new empire 
in South Africa, nothing less than $2.59 a word will suffice; 
though to Cape Town, which, geographically, is still further 
south, the rate is less by six cents. If, for some inscrutable 
reason, one wishes to reach the city of Maskat, in Arabia, 
two ways lie open. The telegram may be sent to Gwadur, 
in Baluchistan, to be forwarded thence by post; or it may 
be sent to Jask, in Persia, at a cost of $1.13 a word, and 
from this place by special boat. Only let the sender beware, 
in the latter case, that he adds to his dispatch the words 
“Boat paid Jask,” and not only pays for the additional 
words, but deposits, with the Indo-European Company’s 
agent, the sum of $13.71 for extra boat hire. To make an 
excursion once more to the far East, note that the cost of 
cabling to Corea is $2.56 by any route, and to Japan, by the 
Northern, $2.21; by the Eastern, $2.86; from which one 
may imagine something of the cost that merchants, having 
business relations with those two countries, have been put to 
during the war, to say nothing of the bills paid by news 
agencies, 
Vor. I—25 


f 
ay 
| 
| 
| i 
= 
fr 


354 The World’s Cables. 


To come nearer home, one finds that the first charge on 
telegrams to Central and South America is a rate of nine 
cents to Galveston; the charge for the use of the Cuba cable 
to Havana, forty cents; and the Bahama cable to Nassau, 
thirty-five cents. To reach Bermuda, a message traverses a 
circuitous route by way of Halifax, N. 8., and the rate is, 
therefore, eighty-four cents. The most expensive cablegram 
that might be sent from New York by a direct route, and 
excluding such vagaries as “extra boat hire,” would be in 
the form of a message to New Caledonia, the French penal 
settlement in the Pacific. The line connecting Bundaberg, 
Queensland, with Gomen, New Caledonia, was laid two 
years ago by a French company, assisted by a subsidy from 
the Australian Government. Its cost was naturally out of 
all proportion to the bulk of the business it was likely to do, 
and, consequently, until it forms part of the trans-Pacifie 
line, the expense of using it will be considerable. The charge 
for a message from New York to New Caledonia is $1.76 
per word. 

To the fact that the world is so well supplied with cables, 
we are indebted for the ability of the press to give us the news 
of the world from day to day. Thecable companies have done 
much to foster newspaper enterprise by making press rates as 
low as possible. And yet the cost of the briefest dispatch 
from Japan or Brazil to New York would astonish the unini- 
tiated. Toshow the comparative expense of commercial and 
press messages from Brazil I may instance the fact, that 
while the merchant pays $1.66 per word, the newspaper pays 
eighty-four cents. In this connection it is worth noting 
that the old-fashioned and much derided custom of “ fak- 
ing” foreign dispatches no longer prevails, but it is con- 
sidered perfectly legitimate to rewrite and amplify cabled 
matter. In this way a hundred words are not infrequently 
expanded to twice that number, and made intelligible to the 
reader. On the other hand, however, there are frequently 
filed important documents which it is necessary to send word 
for word, and no enterprising newspaper which has a cable 
service hesitates at the expense. 
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It is not only an excellent lesson in geography, but an 
almost fascinating pursuit, to take the map of the world and 
trace the cable routes from one point to another in their 
proper sequence. It involves, of course, some land excursions, 
where the shorter route is “cross country” rather than by 
sea. Take for example the sending of a message from Buenos 
Ayres to Colaiev, from the great city of Southern America 
to the little station in the far north of Russian Siberia. One 
starts the message at Buenos Ayres over the wires of the 
River Plate Telegraph Company to Montevideo, and the 
Platino Company takes it up and forwards it to Rio Grande 
do Sul, then the Western and Brazilian Company gives it a 
lift to Pernambuco, where the western end of the Brazilian 
Submarine cable is landed. Over this it flashes with scarce 
a halt at the by-stations of the Cape Verde Islands and 
Madeira to Lisbon, crossing at this big leap nearly four thou- 
sand miles of ocean. From this point the Eastern Company 
takes hold and sends it to London, which is the great nerve- 
center of the cable and telegraph systemsof the world. Now, 
probably, the simplest route for our message will be by way 
of Newbiggin, in England, to the Danish island of Bornholm, 
and thence to Libau, in Russia, which is the starting point 
for a dispatch traversing the great overland telegraph route 
through Siberia to Colaiev. 

Instead of sending a message from one end of the earth to 
the other, start one on a journey round the Dark Continent. 
The Mediterranean is networked by wires belonging to the 
Eastern Company and the many governments bordering on 
its shores, and half a dozen routes may be traversed in jump- 
ing from point to point along the northern shore. At Alex- 
andria, it will be well, however, to take the land line of the 

astern through Egypt to Suez, and one of its four cables 
from Suez to Aden. At this latter port the South African 
Company’s cable will forward the message by way of Zanzi- 
bar, Mozambique and Delagoa Bay to Durban. Here the Cape 
Government wire must be used to Cape Town, where the 
South African Company will again take your message in 
hand and effect a junction with the West African Company 
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at Loanda by a line touching at Mossamades and Benguela. 
From Loanda the West African connects with St. Thomas 
and Bonny, and from this latter port the African Direct 
enables one to connect with the system of the Eastern once 
more at St. Vincent. Other ports on the west coast are joined 
by cables owned by the German Government and two Spanish 
companies, and offer slightly varying routes. 

Great Britain and its Eastern possessions are joined by two 
main telegraph routes. The Eastern Company’s route passes 
through Malta, which is reached by way of Lisbon and 
Gibraltar, and also by a special leased line through France to 
Marseilles,and thence to Alexandria.. Land lines pass through 
Egypt, quadruple lines go down the Red Sea to Aden, and 
triplicate cables connect with Bombay. The Indo-Euro- 
pean Company’s route crosses the North Sea, and traverses 
Germany and Russia to Teheran in Persia. From this place 
land lines are maintained by the Indian Government to 
Bushire,and cables are laid along the Persian Gulf to Gwadur 
and Kurrachee. 

Americans have special cause for pride in the Commer- 
cial Cable Company, which controls what is commonly 
known as the Mackay-Bennett cable, and is in close alliance 
with the Postal Telegraph Company of the United States. 
The progress of this company, owning as it now does ten 
thousand miles of submarine cable, has been simply phe- 
nomenal. It is now the leading cable company of the world, 
and has brought cable telegraphy to the highest state of per- 
fection. Originally projected by Mr. John W. Mackay and 
Mr. James Gordon Bennett, for many years Mr. Mackay has 
been the controlling spirit of the enterprise, and he has spent 
millions in furtherance of its success, holding all else subordi- 
nate to the public interest. Ie has planted his money as 
freely in the sea as he took it out of the bowels of the earth, 
and at an age when most men are content to take their ease, 
his activity in this, the crowning work of his life, is as great 
and his enthusiasm as spontaneous and untiring as if he were 
still in early manhood. Mr. Mackay is surrounded by an 

fficial family, composed of some of the ablest men in the 
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profession of telegraphy, and is at the head of an army of 
ten thousand men, every one of whom regards him with 
something akin to filial affection. Incidentally it may be 
observed that he insures the life of every employé of his 
company, himself paying the premiums and the policies 
being in favor of the families of the insured. It is by such 
consideration for their welfare, as well as by broad and lib- 
eral management, that he has brought into being an esprit 
de corps among his employés such as is rarely to be seen. 
The great question in the world of cables to-day is, when 
will the trans-Pacific cable be laid, and who will lay it? To 
many it may seem a curious thing that the world should 
have to wait so long for the last link in the girdle that 
science has been forging round the globe; but it is not sur- 
prising when one realizes not only the great physical diffi- 
culties that stand in the way, but also the greater difficulties 
in the opposition of the powerful European companies which 
at present control the lines reaching to the far East. A 
trans-Pacific line would materially reduce the volume of 
business done by the Northern, the Eastern, and the Eastern 
Extension Companies, and would mean a “cut” in rates to 
Australia and Japan which would have its effect in reduced 
rateseverywhere. Therefore, in spite of the fact that Canada 
and Australia have long demanded it, and Americans doing 
business with the East have given their adhesion to several 
practicable schemes, the promoters of trans-Pacific cables 
have so far received little encouragement from the kings of 
the cable world. Recently the governments of Canada and 
Australia have taken the matter up in a more vigorous and 
promising manner, and the former have asked for estimates 
and tenders for the construction of a line. Without stumbling 
into the pitfall of prophecy, one may safely surmise that not 
many years will now pass before the Pacific cable is an 


accomplished fact, and that American enterprise will lead in 
the work. 


| 
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PRE-SCIENTIFIC ELECTRICITY. 
By Horace Haypen, Jr. 


The electricity of to-day and that of the future have been 
the subject-matter of many recent articles. In fact, the 
general reader should by now be well acquainted with what 
has been accomplished in this science during a period of less 
than three hundred years, and must readily apprehend that 
more wonderful things will yet be achieved. Why all this 
has not been effected earlier is a problem which we shall 
attempt to solve, and which may prove to be interesting to 
those that care to accompany us over the period when this 
wonderful force played a part in the life of man in strong 
contrast to its obedient servility of the present day. 

Classical scholars are familiar with the superstitious rev_ 
erence the Greeks had for amber, and the tendency among 
them to use the word electron (jjAextpov)—which is the Greek 
word for amber—just as the word adamant was frequently 
used as desiguating some ideal, some imperfectly-known 
substance, possessed of almost miraculous properties. The 
Greeks even thought that the yellow semi-pellucid substance 
lived and had a soul, for, when excited, it seemed to become 
animated in its attraction for small particles that came 
within its influence. The name itself appears to have been 
derived from this physical myth, Hector (Hiéxtwp) being 
one of the names of the sun-god. 

In the twilight of legendary Greece, we find that familiar 
and beautiful myth of Phaethon, son of Phoebus Apollo, who 
rashly undertook to drive the solar chariot through the 
heavens. We all remember how the chariot approached so 
near the earth that the mountains began to blaze, and rivers 
and fountains dried up, and that Zeus, enraged, hurled his 
thunderbolt, thereby precipitating the charioteer into the 
River Eridanus. There he was found by his sisters, the 
Heliades, who, lamenting long and bitterly, were at last 
changed by the gods into ever-sighing poplars; and their 
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tears, which continued to flow, became translucent amber as 
they dropped into the stream. 

The Greeks, even at this remote period, thus revealed their 
knowledge of the origin of amber. The tears of the ever- 
sighing poplars, becoming amber as they dropped into the 
stream, is but a poetic way of expressing the fact that amber 
is the resinous exudation of trees, that becomes fossilized by 
the action of the water. 

Without much effort of imagination it is possible to trace 
this chain of analogies a step farther. The myth of Zeus’s 
thunderbolt—which we know to be synonymous with the 
lightning stroke—seems related to the properties of amber. 
By exciting amber it is possible to produce miniature light- 
ning, and it is more than probable that the Greeks made 
this comparison. If the Hlectra (Héxtpa) of these legends— 
—who, we will remember, was the goddess of brightness— 
is, as has been pointed out, the personification of lightning, 
the comparison would then seem almost certain, for the re- 
semblance between the names Electra and electron cannot be 
accidental. 

Amber was highly prized by the Greeks as an amulet, and 
was precious as an article of jewelry. This we perceive in 
the Odyssey, when the Pheenician traders offer to the Queen 
of Syra “a gold necklace hung with amber.” And thus, 
being constantly worn, the friction of garments would often 
excite sufficient electricity to cause it to attract, as Pliny 
remarks, “the fine threads of fringe” and other small par- 
ticles, a remarkable fact which was very likely to be noticed 
by the wearer. 

Thales was the earliest philosopher that made direct men- 
tion of this property of amber, and is, therefore, too often 
credited with the original discovery. He appears to have 
regarded the entire world in the light of a living being, 
gradually maturing and forming itself from water, the 
imperfect seed-state. This view endues the universe with 
vitality, and considers the world as a mere spontaneous 
development of a preéxisting germ of life. Thus he is said 
to have looked upon the apparently dead as animated and 
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ensouled ; and, hence, taught that amber and the magnet 
possess a living soul, from which their power of attraction 
is derived. 

The adamant or magnet—to which the Greeks compare 
amber, although they knew it to differ from the latter in its 
attractive properties being inherent and only exercised upon 
iron—was originally found near the town of Magnesia, in 
Lydia, and from this cireumstance was called magnes (udy»75), 
from which the present name is derived. Plato tells us, in 
the “Ion,” that it received this name from Euripides, but by 
the people was called the Heraclea stone. He adds, “ For 
not only does this stone possess the power of attracting iron 
rings, but it can communicate to them the power of attract- 
ing other rings; so that you may see sometimes a long chain 
of rings, and other iron substances, attached and suspended 
one to the other by this influence.” 

Ilere we clearly see that he had observed the power of the 
magnet to impart its magnetism to other pieces of iron; but, 
without better authority than we have, it would be impru- 
dent confidently to assert, as others have recklessly done, 
that the ancients had any definite conception of the polarity 
of electricity or of magnetism. 

Their deficiency in positive experimental knowledge, how- 
ever, was abundantly replaced by prolific powers of imagina- 
tion. They have told us that the magnet would attract both 
wood and flesh; that by holding a magnet in the hand we 
might find relief from both gout and convulsions; that its 
effect on the brain causes melancholy; that it acts as a love 
philter; that its power is lost after being rubbed with garlic, 
but may be restored by a treatment with goat’s blood ; and 
that it has no power in the presence of the diamond. All 
which assertions, and many more, were eagerly grasped by 
the wonder-loving writers of the Middle Ages. 

It seems impossible to determine whether the Europeans 
themselves discovered that a suspended magnet will lie in the 
direction of the magnetic medium, or whether they received 
this knowledge through the Arabs, who, in turn, received it 
from the Chinese; for the latter claim, as early as the sixty- 
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fourth year of the reign of Ho-ang-ti (2634 B. C.), to have 
been acquainted with this property of the magnet. After 
this fact became known in Europe, the magnet evidently took 
the name of lodestone (leading-stone) a name used by early 
writers; although we find no record of the mariner’s compass 
until some centuries later. 

If, now, we follow the Greeks into Egypt, our attention is 
attracted by the singular proposal of Dinocrates, the great 
architect and designer of Alexandria, to construct the arched 
roof of the temple of Arsinoé entirely of magnetic material, 
so that the iron statue of the princess might float unsus- 
pended within the temple. But before the work was finished 
he died, as did Ptolemy Philadelphus, who had ordered the 
temple to be built in honor of Arsinoé, his sister and queen. 


We have considered at some length the knowledge which 
the Greeks possessed of the electrical property of amber and 
the attractive power of the magnet, and must now pass 
rapidly over their acquaintance with the more familiar phe- 
nomena of atmospheric electricity. 

The electricity of the earth usually concentrates itself in 
sharp mountain peaks, the natural dischargers of the planet, 
but sometimes will flow from smaller objects resting on the 
earth and projecting into the air. Some years ago Dr. 
Werner von Siemens, the noted physicist, while on the top 
of the pyramid of Cheops, at Gizeh, during a storm, per- 
ceived that a flow of electricity escaped from his finger when 
extended toward the heavens. The current manifested itself 
powerfully enough to cause a loud hissing noise, and from 
the metallic button of his gourd he obtained electric sparks. 

Scholars have told us that the word pyramid is derived 
from the Greek root pyr (zvp), which means fire; and add, 
that this name was chosen to indicate that pyramids termi- 
nate in a point, in the shape of a flame. If this be the cor- 
rect derivation of the word, it seems more logical to agree 
with Fonvielle, that at some time in the many centuries during 
which the pyramids stood before the Christian era these moun- 
tains of stone had been seen crowned with flame—illuminated 


| 
| 
| 
| ‘ 
| 
| 
| 
| 
3 
a 


362 Pre-Scientifie Electricity. 


by the energies of the earth; but this is mere conjecture, and 
the most recent authorities maintain that the word pyramid 
is a derivative from the Egyptian word pir-em-us, which 
means perpendicular height. 

The manifestation of this form of atmospheric electricity 
is usually in the shape of a brush or a star of light. The 
records of the display of these lambent flames have accumu- 
lated with years, and are found in the literature of all 
languages, and of every age and country. 

Among the ancients they were distinguished as Castor 
and Pollux, the favorite sons of Jove, who watched over the 
games, and also over travelers, especially those following the 
sea. The Dioscuri are represented on ancient coins as eques- 
trians with a star floating over the helmet of each, and between 
them a zigzag line that Professor Schweigger deems a rep- 
resentation of an electrical spark. 

In modern times, around the Mediterranean, these electrical 
displays have been hailed as the light of St. Clair, St. Nico- 
las, St. Helena; elsewhere they have had the appellation St. 
Barbe and St. Elmo. The Portuguese call them Corpo San- 
to, and the English, Comazants. Even at the present day of 
enlightenment, sailors attach a certain importance to these 
signs; for they suppose that the apparition of one of these 
natural lights portends that the severest part of the storm has 
yet to come, while two of them at once indicate a cessation of 
the tempest. In all of this we trace an inheritance from 
antiquity ; Pliny, in fact, telling us that these lights are dan- 
gerous and unlucky when coming alone, but that when two 
come together they bring comfort and foretell a prosperous 
voyage and chase away that “ dreadful, cursed, and threaten- 
ing meteor, Hellena.” Thereupon, men at sea invocated the 
gods Castor and Pollux. 

In the conception of Castor and Pollux we at once see the 
evidence of a predominant facility to seize the passing event, 
and a sensibility wonderingly alive to all the phenomena of 
nature. Thus, the ancient historians, with this character- 
istic facility, never omit to mention, with minute care, the 
phenomena arising from this natural electricity. 
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Seneca relates, as a strangely significant warning to 
Gylippus, that a star came and hovered over the shield of 
that general as he was sailing to Syracuse. 

Plutarch, after speaking of the great victory of Lysan- 
der—which finished in one hour a war that had been pro- 
tracted in its continuance—records: “Some, therefore, 
looked upon the result as a divine intervention, and there 
were certain who affirmed that the stars Castor and Pollux 
were seen on each side of Lysander’s ship, when he first set 
sail from the haven toward his enemies, shining about the 
helm; and some say the stone which fell down was a sign 
of the great slaughter.” 

“The foremost man of all the word,” intellectually dis- 
tinguished by extraordinary genius in diversified pursuits, 
we must acknowledge to have been a strong-minded man, 
yet Cesar does not neglect to inform us that the spears of 
the fifth legion appeared on fire during the African cam- 
paign ; Castor and Pollux thus announcing that he would 
soon disperse the remainder of the Pompeian party. An- 
other instance was the fire seen around the head of Ascanius. 

We now turn our attention to that other form of atmos- 
pheric electricity, dignified by the ancients as the thunder- 
bolt of Jupiter. Some of our modern authors, and others 
more zealous than wise, would have us believe that if 
Franklin did not actually appropriate the idea of others, 
his experiment was, in fact, anticipated by the ancients thou- 
sands of years before. 

Herodotus, one of their authorities for this assumption, 
says: “The Thracians, when it lightnings and thunders, 
let fly their arrows toward the heavens, uttering threats 
against the god, for they do not believe there is any God 
but their own.” It is quite evident that the Father of His- 
tory does not intend to have us understand that they thus 
shot their arrows for the purpose of withdrawing the elec- 
tricity from the clouds, as these energetic authors would 
interpret. 

The Etruscans, renowned in antiquity for their knowl- 
edge on this subject, are said to have been able to direct the 
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lightning, but this was done by exorcisms and conjurations. 
Among the Romans, Numa, instructed by the nymph 
Egeria, succeeded in intoxicating Faunus and Picus—whose 
names in this place probably denote only the priests of these 
Etruscan divinities—and learned from them the secret of 
making, without danger, the thundering Jupiter descend 
upon earth, and immediately put it into execution. From 
that time Jupiter had the surname Elicius, or Jupiter who 
is made to descend, and was adored in Rome. 

Tullus Hostilius, it seems, was less fortunate. “It is re- 
lated,” says Livy, “that this prince, in searching the me- 
moirs left by Numa, found among them some instructions 
relative to the secret sacrifices offered to Jupiter Elicius. 
He attempted to repeat them, but in the preparation or cele- 
bration he deviated from the sacred rite. Exposed to the 
anger of Jupiter—evoked by a defective ceremony—he was 
struck by the lightning and burned, together with his palace.” 

Then there is the story of a medal whereon appears the 
temple of Juno, the roof of which is supplied with many 
pointed stakes, that some would have us believe to be light- 
ning-rods, Another medal described and engraved by Pel- 
lerin, shows the god Jupiter in a cloud, with the lightning 
in his hand, and below a man guiding a kite. But the 
authenticity of this medal is suspected. 

Artaxerxes believed that two swords, planted in the 
ground, dispersed the thunder-clouds. In the time of Char- 
lemagne, poles were used for the same purpose, but, unfor- 
tunately for those that would deprive Franklin of scientific 
renown, they were not supposed to have any efficacy until 
bits of magical paper had been stuck upon them. 

The ancients also believed that lightning never fell except 
by the immediate interposition of the gods; and whatever 
thing or place it struck was ever after deemed sacred—con- 
secrated by the deity himself. The Greeks placed an urn 
over the spot where the lightning entered the earth, and the 
Romans had a similar observance. Herodotus tells us that 
when Scyles, who had studied the language and sciences of 
Greece, ascended the Scythian throne, it was his desire to be 
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initiated into the mysteries of Bacchus, which was against 


the wish of his people ; and as he was about to take some of 
the sacred utensils in his hands, his palace in the city of 


Borysthenites was totally demolished by a thunderbolt. 
To imitate thunder and lightning was considered a sacri- 


lege by all religions. We remember the exciting passage of 


Virgil, wherein the poet describes the infernal regions and 
the fate of Salmoneus. This prince, according to the legend, 
wished to be called a god, and to receive divine honors from 
his subjects. Therefore, to imitate thunder, he used to drive 
his chariot over a brazen bridge; and to counterfeit light- 
ning, he darted torches on every side. This impiety provoked 
Jupiter. Salmoneus was struck by a thunderbolt, and placed 
in the infernal regions near his brother Sisyphus. 

Tacitus, the philosophic historian of the declining glories 
of Rome, addressed one of his most fearful repréaches to the 
Emperor Caligula for attempting to manufacture the light- 
ning and thunder of the sovereign of men and gods. Not con- 
tent with deafening his subjects by compelling them to listen 
to his artificial thunder, this refined tyrant—more ambitious 
still than Salmoneus—had constructed a machine calculated 
to reply to the gods, by throwing a heavy stone toward the 
sky whenever the lightning happened to strike the earth. 

These few references, selected from the many accounts left 
us, will give an adequate idea of the superstitious respect en- 
tertained by the ancients for thunder and lightning. These 
superstitions may appear extremely ridiculous to us, but we 
should not overlook the fact that but a century ago Franklin 
found numerous opponents who agreed that it was as impious 
to erect rods to ward off Heaven’s lightnings as for a child 
to ward off the chastening rod of its father. 


Pliny leaves us the following remarkable explanation of 


why lightnings are attributed to Jupiter: 

* Most men are ignorant of that secret, which, by close 
observation of the heavens, deep scholars and principal men 
of learning have found out, namely, that they are the fires 
of the uppermost planets, which, falling to the earth, are 
called lightuing ; but those especially which are seated in the 
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middle, that is about Jupiter, perhaps because participating 
in the excessive cold and moisture from the upper circle of 
Saturn, and the immoderate heat from Mars, that is next 
beneath, by this means he dischargeth the superfluity, and 
therefore it is commonly said,‘ That Jupiter shooteth and 
darteth lightning.’ Therefore, like as out of a burning piece 
of wood a coal flies forth with a crack, even so from a star is 
spit out, as it were, and voided forth this celestial fire, carry- 
ing with it pressages of future things ; so the heavens showeth 
divine operations, even in these parcels and portions which 
are rejected and cast away as superfluous. And this most 
commonly happens when the air is troubled, either because 
of the moisture that is gathered, moves and stirs forward 
that abundance to fall; or else that it is disquieted with the 
birth, as it were, proceeding from a great bellied star, and 
therefore would be discharged of such excrements.” 

Nothing needs to be said about the state of science which 
this far from luminous exposition reflects. 

The ancients were also acquainted with the torpedo, or 
fish of Jupiter, which is found in the Mediterranean, and 
has the faculty of accumulating, to a remarkable degree, 
animal electricity, with which it can give a powerful elec- 
tric shock, whence the names of Narce (»doz;—numbness) 
and Torpedo (torpeo, quasi torpor) were given to it. 

Professor Thompson has called attention to the interesting 
fact that the Arabian name for the torpedo, ra-ad, signifies 
lightning. Aristotle was acquainted with the fact that its 
benumbing power could be sent by the fish some distance 
through the water. Scribonius, Largus, Galen and Dios- 
corides speak of the local application of a living torpedo in 
headache and gout; and, as an article of food and medicine, 
the torpedo seems to have enjoyed considerable reputation 
among ancient epicures. 

We take this opportunity to consider for a moment the 
Vestal Fire, inasmuch as Professor Schweigger has said that 
he believed it was electric, and has been quoted by others 
that appear to have made no research themselves. Yet to 
agree with Professor Schweigger we would have to deny the 
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authenticity of many of the ancient writers, among them ; 
Livy and Plutarch. The latter, in his life of Numa—to 


whom is ascribed the introduction of the worship of Vesta 
in Rome—has gone into much detail, and informs us that it 
was provided that if at any time the Vestal Virgins should ; 


allow the sacred fire to go out they were to be severely pun- 
ished, and the fire rekindled from the sun’s rays brought to 
a focus by a concave mirror made of polished metal. Neither 
this nor the earlier method of obtaining the fire by means of 2 
the friction of dry sticks appear to have anything to do 
with electricity. 

Lucretius, in his celebrated poem De Rerum Natura, takes : 
up the subject of magnetism, and, after he has spoken of the 
chain of rings already mentioned by Plato, attempts to solve 
the mystery of this phenomenon. He imagines the magnet 
to radiate innumerable atoms in streams that rarefy the 
space between it and the attracted iron, into which space 
the iron is forced by the pressure of air from behind. And, 
as the metal is compact in its elements, the particles thus a 


streaming into the void drag with them the entire chain. ; 
The magnet does not attract other substances, for the reason me 
that some are held fast by weight, as the ponderous gold; hee 
and some are of such attenuate consistency that they lend a 


its waves no hold. i 

Tlowever remote from being correct, this is at least an . 
attempt at a theory. And a century later Pliny records the 
fact, that rubbing the blade of a knife—which we suppose 
was hardened steel—with the lodestone would make of it a 
permanent magnet. 

Amber was in such repute in Rome at this period that 
Pliny sareastically remarks that the price of a small figure 
in it, however diminutive, exceeds that of a healthy slave 
or warrior. 

“True it is,” he goes on to say, “a collar of amber beads 
worn about the necks of young infants is a singular preserv- 
ative to them against secret poisoning, and a counter-charm 
for witchcraft and sorceries.” This superstition we have 
inherited, although the custom as now in vogue is not asa 
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defense against witchcraft and sorceries, but as an amulet or 
prophylactic. 

If we stop to reflect for a moment, we will see that these 
men—philosophers whose genius sounded the depths of the 
microcosm, and discovered moral truths by a sublime intu- 
ition—knew natural and physical truths more as matters of 
fact and observation than as determined by law. Pliny him- 
self says: ‘Of all these things there is no certain reason to 
be given, but secret they must be, hidden within the majesty 
of nature, and reserved within her cabinet.” Their knowl- 
edge could not be called a science, in the modern sense, un- 
less indeed an occult science.. The only attempt they appear 
to have made to generate electricity was the accidental dis- 
covery that amber, when rubbed, would attract small par- 
ticles; and here the extent of their knowledge seems to have 
terminated. They have left no evidence of even an endeavor 
to learn the true cause of this phenomenon, which hence re- 
mained one of the “ awful mysteries of nature.” 

So we pass into and through that long and sad intellectual 
darkness of the Middle Ages. The only step of importance 
in electrical science which we find recorded is the use of the 
mariner’s compass in Europe, the earliest of which were made 
by floating a magnetic needle on a chip of wood in a basin 
of water. 

During this long period, the human mind was undergoing 
an intellectual revolution. Christianity—a religion of love— 
had succeeded the ancient religion of superstitious fear of 
gods and of nature. 

In the latter part of the Middle Ages—in that period 
styled the “ Revival of Learning”—a taste for ancient 
classic literature arose, and was necessarily and promptly 
followed by the introduction of the “art preservative of all 
arts,” that of printing. Like a second awakening, we find, in 
the sixteenth century, an intellectual condition that produced 
works which made immortal the names of Michel Angelo, 
Raphael, Titian, Albert Diirer, Ilolbein, Edmund Spencer, 
Shakespeare, Cervantes, Rabelais, Montaigne, Ariosto, Tasso, 
Copernicus, Galileo, and others. 
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At the very end of that century, in the year 1600, Dr. 
William Gilbert, surgeon to Queen Elizabeth, and the most 
distinguished scientist in England, found this little seed of 
human knowledge in the archives where it had been buried 
for fifteen hundred years. He straightway planted it in rich 
loam when he published his famous book, De Magnete, in 
which he made known that the attractive property of amber 
when rubbed was not inherent in that substance alone, but 
that it also existed in some twenty other bodies ; in which 
are included the precious stones, glass, sulphur, sealing-wax 
and resin. Inasmuch as all of these substances acted like 
amber, Gilbert called them electrics, and called the phenom- 
enon itself electricity; terms which he derived from electron. 

The publication of Dr. Gilbert’s work marks the true com- 
mencement of electrical science, its immediate effect every- 
where having incited philosophers to efforts to extend his 
list of electrics. 

The propagation of that little seed, though slow at first, 
has steadily advanced, until now we are reaping a rich and 
golden harvest. And for the foundation of it all we are in- 
debted to Dr. William Gilbert, whose name should be im- 


mortalized as the Father of the Science of Electricity. 
Vou. I—24 
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NOTES ON THE PROGRESS OF SCIENCE. 


By Pror. Anceto HEeErprin, 
Academy of Natural Sciences of Philadelphia. 


MATHEMATICS BY SOUND, SIGHT AND SMELL. 

Mr. Francis Galton, in reviewing for “ Nature” the “ Psy- 
chology of Mental Arithmeticians and Blindfold Chess 
Players” of M. Alfred Binet, in which a close study is made 
of the mental performances of two remarkable caleulators— 
one Inaudi, a Piedmontese, who performs his mental sums 
wholly, or almost wholly, by imagined sounds, one, two, three, 
etc., and the other, Diamandi, a Greek, who attains the same 
end almost wholly by imagined figures, as 1, 2 and 3—inci- 
dentally refers to some of his own experiments in the same 
line of investigation, only that he uses the olfactile like tactile 
imagination instead of the visual or the auditive. The experi- 
ments, while they are not as yet far reaching, are exceedingly 
interesting and suggestive, and open up a course of inquiry 
which is certain to yield important results. To use Mr. Gal- 
ton’s own words: “I tried to perform mental arithmetic, not 
by imaginary visual symbols, or by imaginary sounds, but by 
imaginary smells. As sums are set in the two former cases, 
either in really visible symbols or in really audible sounds, 
while the results are reached through imaginary ones, so in 
my experiment the sums were set in real odors, and were 
worked out through imaginary odors... . . My apparatus 
consisted of glass tubes, each drawn to a nozzle at one end 
like a short syringe. One end of a piece of India-rubber tube, 
six or eight inches long, was pushed tightly over the other 
end of the glass. A different odorous substance, camphor, 
carbolie acid, gasoline, ete., was inserted and packed lightly 
with cotton wool in the several tubes, whose ends were after- 
ward tied up. On grasping one of these tubes tightly, at 
the moment when its nozzle was brought to the nostril a 
whiff of its peculiar odor was ejected and simultaneously 
sniffed up. . . . [ thus possessed a set of tubes that could be 
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used smellingly in the same way as the symbols 1, 2, 3, etc. 
are used visually, or the words one, two, three, etc. are used 
audibly. . . . I progressed far enough to be able to add or 
subtract small sums, so that a1 followed by a 2, both in 
smell language, associated themselves at once with the imag- 
inary sniff of a 3, whenever I was engaged in addition, or 
with that of a 1 when I was engaged in subtraction. But 
the two associations of 3 and 1 never clashed; they were 
mutually exclusive.” 


EXPERIMENTS MADE TO APPROACH THE ZERO OF TEMPERATURE. 


Among the most interesting experiments that have ever 
been conducted in the physical laboratory of the Royal 
Institution of Great Britain are those of Professor Dewar, 
looking to the attainment of the zero of temperature. 
This may be defined as representing that degree of tem- 
perature at which gas particles no longer exert pressure and 
have no volume, determined to be 274° C. below the freez- 
ing point of water (—461° F.). The lowest temperatures 
that have heretofore been experimentally obtained were 
the results of the evaporation of liquid nitrogen in vacuo, 
which gave a temperature of —210° C.; the practical work- 
ing limit in such experiments is, however, only —200° C., 
leaving 74° still to be obtained. It is in the direction 
of discovering some substance whose critical point is con- 
siderably below that of nitrogen that Professor Dewar 
is conducting his experiments, and he believes that only 
with the assistance of hydrogen can the desired results be 
assured. But even with the use of simple hydrogen, the 
one gas which has not yet been liquefied, a temperature of 
at most only —240° C. can be reached, which would yet 
leave many degrees to be bridged over before the actual 
zero of temperature could be attained. A possibility seems, 
however, to be held out in the use of a gas composed of 
hydrogen mixed with 10 per cent. of nitrogen, the liquefac- 
tion of which would take place under a critical temperature 
of —200° C. The special difficulty in these experiments is 
the extremely small proportion of the liquefied material that 
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ean be collected in open vessels; for the minutest results 
the liquefaction and expansion of seven cubic yards of 
hydrogen gas are necessary. Incidentally, Professor Dewar 
has obtained an undetermined liquid in one of his vacuum 
vessels which is not improbably liquid hydrogen. 


A MODERNIZED CONCEPTION OF AFRICA. 


The fact is gradually beginning to dawn upon the public 
that Africa is not quite so “dark ” a continent as it has gen- 
erally been represented to be. Not much more than a quarter 
of a century ago it was still, to use an Americanism, “a howl- 
ing wilderness,” from which little good was to be expected, 
and penetration into which was something of a giant’s feat. 
A deeply miasmatic border-land, interior primeval forests har- 
boring a multitude of wild animals and equally savage men, 
deserts of moving and unconquerable sand, over which the 
bleached remains of caravans were everywhere scattered— 
this was the picture of the continent the exploration of which 
made famous the names of Mungo Park, Livingstone, Bur- 
ton, Speke, Baker, Barth, Schweinfurth, Stanley and a num- 
ber of greater and smaller lights among travelers. Prof. 
Drummond, the learned divine, in his work on “ Tropical 
Africa,” was the first to rudely tear off the mask from this 
picture, when he ventured to assert that Africa was not 
strictly a forest-covered country, that it contained great ex- 
panses of healthy, even if dreary, plains and meadow-land, 
and that it was traversed in all directions by clearly defined 
paths, which went in at one side of the continent and came out 
at the other. For this the self-styled “ minor traveler pos- 
sessing but few assets,” and author of “ Natural Law in the 
Spiritual World,” was summarily taken to task by Stanley, 
who asserts that the “ description by Prof. Drummond bears 
no more resemblance to tropical Africa than the tors of Devon, 
or the moors of Yorkshire, or the downs of Dover represent 
the smiling scenes of England, of leafy Warwickshire, the 
gardens of Kent, and the glorious vales of the isle.” Latterly, 
Dr. James Johnston, of Jamaica, W. I., in a work entitled 
“ Reality versus Romance in South Central Africa,” once 
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more strips the veil from the continent, and with a cool self- 
possession, which is in harmony with his statement that no 
“country under heaven” “ has been the subject of more ro- 
mancing and misrepresentation than Africa,” asserts that in 
a traverse of upward of four thousand miles, mostly on foot, 
and alone as far as a white companion was concerned, he 
never once found himself prompted to fire a shot either in 
anger or in self-defense. The sands of the Sahara, under the 
keen eyes of a French corps of engineers and of Gerhard 
Rohlfs, are no longer an obstable to railroad construction 
and existence; and now comes the glowing report of the Ad- 
ministrator of the British Central Africa Protectorate, Mr. 
H. II. Johnston, to the Royal Geographical Society of Lon- 
don, from which it would appear that a considerable area, 
at least, in Africa is a veritable Arcadia. 

Mr. Johnston, who many years ago earned his spurs as a 
traveler, speaks thus of his province: “The great attrac- 
tion of the country lies in its beautiful scenery, in its mag- 
nificent blue lakes, its tumultuous cascades and cataracts, its 
grand mountains, its golden plains and dark green forests. 
A pleasant and peculiar feature also of the western portion 
of the Protectorate is the rolling, grassy downs, almost 
denuded of trees, covered with short turf, quite healthy and 
free from the tse-tse fly ; these no doubt will in the future 
become actual sites of European colonies, districts in which 
Europeans can rear their children under healthful conditions. 
The lofty plateau of Mlanje is a little world in itself, with 
the exhilarating climate of northern Europe. The plains 
and valleys are gay with blue ground-orchids, with a purple 
iris, and with yellow everlasting flowers.” It is indeed an 
impressive commentary upon “savage Africa” to learn that 
in the interior of the land “the British settlements have 
now a settled and comfortable appearance, with uniformed 
native policemen, and trained natives from the mission 


schools working as printers and even as telegraph operators 
at Blantyre.” 
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RECENT STUDIES OF MARS. 

Astronomers have of late been unusually diligent in their 
observations upon Mars, the great polar ice-caps and the 
(assumed) melting waters derived from them especially 
engaging their attention. Martian phenomena have a par- 
ticular interest to the geologist, since in this planet alone he 
sees the reflex of many of the phenomena that are presented 
on the earth; hence, the effort that is being made to have a 
clear understanding of the conditions that prevail on this 
outer world. Ina recent article published in Natura ed Arte, 
Prof. Schiaparelli, whose name has been so long identified with 
the canal system of Mars, critically surveys our present knowl- 
edge of this planet, and presents some interesting considera- 
tions regarding it. The great white polar spots which alter- 
nately appear on opposite sides of the planet he considers to 
be indisputably ice, or snow-caps, identical with the snow 
and ice-sheets which cover much of the Arctic and Antarctic 
regions of the earth. These are found to diminish very 
rapidly during the Martian summer, the contraction from 
week to week being very apparent, even to those working 
with common telescopes; the southern polar cap, which in 
the height of its winter of 1892 extended as far as the 70th 
parallel of latitude, and measured some twelve hundred miles 
in greatest diameter, was reduced by the end of summer to 
less than one hundred and eighty miles. This polar cap is 
situated in the midst of a huge dark spot, thought to be 
an ocean,whereas the opposite or northern cap is located in 
a region of yellowish or reddish-color, which is generally 
accepted to beacontinent. The continental areas are assumed 
to cover approximately two-thirds the entire area of the 
planet. Prof. Schiaparelli concludes that the particular 
color of this area as it appears to us is the actually existing 
color of the rock or soil of the region. 

The dark linear streaks which, many of them in straight 
lines, traverse the continental areas, sometimes appearing 
singly, at other times in parallel doubles—the “ gemination” 
producing a parallelism equal in precision to the two rails of 
a railroad—are the most puzzling feature of the Martian 
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surface, and have thus far baffled all attempts at a satisfactory 
explanation. Prof. Schiaparelli still believes that the canal 
system may have been brought about through some organic 
rather than a purely physical method, but he does not venture 
to assert what this method may have been. As regards its 
meterology, Mars is assumed to resemble the earth; its 
atmosphere is represented to be very similar to our own, 
constituted like it with a moderate temperature, and contain- 
ing a certain quantity of aqueous vapor, from which, natur- 
ally, have been derived the polar ice-caps and the other white 
flecks [of snow (?)] which seemingly represent mountain sum- 
mits. There is little or no rain-fall, and the visible vapor, 
which is probably a light fog, rather than a cloud accumula- 
tion, is so thin as to always permit a clear view of the 
planet’s surface. 


THE FAILURE OF ARCTIC EXPLORATION IN 1894. 


The most enthusiastic advocate of Arctic exploration will 
concede that the record of the past year has been an unfortu- 
nate one. With Mr. Peary, upon whom such promise of suc- 
cess was placed, baffled in the line of his own matured plans ; 
with Mr. Wellman’s vessel crushed in true northern fashion 
by the ice of the Spitzbergen Sea; the “ Miranda,” of the 
Cook party, abandoned in Davis’s Strait ; and the “ Falcon,” 
the vessel of the successful Peary Auxiliary Expedition, in 
all probability at the bottom of the sea, the year closes with 
comparatively little to add to its storehouse of knowledge 
concerning the realms of snow and ice. Two expeditions 
are yet to be heard from, those of Nansen and Jackson, and 
possibly they may retrieve the fortunes of discovery ; but 
for the present the one consoling fact, and this a very large 
one, that can be drawn from the several enterprises is that, 
despite mishap and hardship, no lives have been sacrificed 
to this quest after knowledge. This is, indeed, a great 
achievement in Arctic exploration, and marks an important 
step in the progress of the methods that are used for the 
accomplishment of this special kind of work. For one piece 
of work geographers will at least be thankful to Mr. Peary 
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—the survey of the inner contours of Melville Bay by one 
of his associates, Mr. Eivind Astrup, the young Norwegian 
who made the traverse of Northern Greenland with Mr. 
Peary in 1892. No report of this exploration has yet been 
made, but doubtless it will appear before long. Incidental 
to the main work of the expedition was the search, near 
C.upe York, of the so-called “Iron Mountains,” from which 
the natives obtained the material for the construction of 
their metal saw-knives. Ever since Sir John Ross, in 1818, 
first called attention to these singular weapons, fashioned 
by a people who were supposed to be entirely ignorant of 
the art of working metal, and who only mysteriously hinted 
at the locality whence they obtained their substance, and at 
the special method which they employed in its modeling, 
much curiosity has existed among scientific men regarding 
the region in question, and several efforts have been made 
to locate the find. Mr. Peary now solves the mystery of 
the “Iron Mountains ” by discovering that they are a num- 
ber of great blocks of meteoric (telluric?) stone, probably 
not very different from the famous Ovifak iron of Disko. 
The largest of these has been secured by the expedition, and 
is said to weigh, by approximate determination, two tons or 
more. 
THE PIGMIES OF EQUATORIAL AFRICA. 

Whatever doubt may have existed in the minds of natural- 
ists as to the existence of true pigmy races in the wilds of 
Central Africa, as was first authoritatively reported by Du 
Chaillu, has, as is well known, been dispelled by the dis- 
coveries of Stanley; indeed, years before, the explorations 
of Schweinfurth had already satisfactorily demonstrated that 
the fabled people of Herodotus, or others representing them, 
had a full claim to recognition. Recently, the researches of 
the erudite traveler and naturalist, Dybowski, in the western 
equatorial forests, have put us in possession of many and 
valuable facts regarding these diminutive people, the Obongos, 
which help to clear away the anecdotal from the true history 
of what must, for the moment, at least, be considered among 
the most interesting inhabitants of our planet. In stature 
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they are shown to be (probably) the smallest of all living 
peoples; if the specimens selected for measurement by M. 
Dybowski are at all representative of the many, then the 
average stature of the men cannot greatly exceed four and one- 
half feet. In three cases the heights obtained were respec- 
tively four feet six inches, four feet seven and one-quarter 
inches, and four feet seven and three-quarters inches—a stat- 
ure far below that of the Eskimo, who is in popular (but 
erroneous) estimation a true pigmy. Despite their diminu- 
tive frames the men are described as being very powerful 
and courageous, the hunters having no fear of either wild 
beast or attacking man. 

A most striking feature of the people is their light tint, 
the color of the skin being a light bronze, barely darker than 
the brown of the mulatto; eyebrows and eyelashes are also 
both fair, and the eyes have little of that visual intensity 
which distinguishes these organs among most negroes. The 
greater part of the body is largely hairy, the arms and chest 
being in a measure protected by a short, almost straight, 
and nearly blonde, down. 


HOLLOW ICE CRYSTALS. 


Dr. Karl Grossmann and Mr. Joseph Lomas have contrib- 
uted to the Royal Society of London an interesting commu- 
nication on peculiarly-formed ice crystals, which are hollow 
hexagonal pyramids, or more properly funnels, attached by 
their apices and necessarily pointing their trumpet-like open- 
ings away from the side of the attachment. Some of these 
“hopper” crystals, the largest of which were found in the 
famous ice-cave of Surtshellir, in Iceland, measure as much 
as two inches in length, with a width of half an inch across 
the hexagonal opening. The sides are described as being 
built up of the most delicate steps of ice, arranged in the 
manner of a stair-case. Dr. Grossmann calls attention to the 
fuct that the ice crystals of hoar-frost, as well as those 
formed in refrigerating chambers, have a like construction, 
and are brought about through a process of “ crystal starva- 
tion,” the edges of the crystal nucleus first formed growing 
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more rapidly than the center, and depriving the latter of 
the necessary “food” supply contained in the atmosphere. 
In their conclusions the authors state that when water 
changes directly from the gaseous into the solid state it is 
highly crystalline. The tendency to crystallization is so 
strong that where the area of supply is limited by a wall or 
other surface—in caves, cellars, etc., as opposed to the freely 
exposed surface of the earth—skeleton crystals, hexagonal 
“hoppers,” will be formed, growing away from the wall of 
attachment, even under conditions of excessively slow 
growth. A calm atmosphere is a sine qua non for such for- 
mation. 


THE INTENSITY OF LIGHTNING DISCHARGES AS INFLUENCED BY 
MAN’S OPERATIONS. 


There seems little reason to longer doubt that the exten- 
sive use to which electricity has been put by man, in co- 
Operation with the various physiographic modifications 
which have followed the path of civilization—coal burning, 
deforestation, drainage, ete.,—has had a marked influence 
upon the frequency and the intensity of lightning discharges. 
The recently-published report of the Director of the Statis- 
tical Bureau of Berlin shows that this is almost indisputably 
the case, and confirms generally the observations that were 
made years before by Professor von Bezold in Bavaria. 
This investigator found that the average yearly number of 
fires caused by lightning between the years 1833 and 1843 
was thirty-two; between 1844 and 1865, fifty-two; between 
1866 and 1879, one hundred and three; and between 1880 
and 1882, one hundred and thirty-two. In the year 1855 
one hundred and thirty-four persons were struck by light- 
ning, seventy-three with fatal results; thirty years later this 
number was increased to one hundred and eighty-nine, and 
the fatal cases to one hundred and sixty-one. 
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FRoM THE GREEKS To DARWIN. By Henry FaAtrFIELD Osporn, Sc.D. 
(MacMillan & Co., New York and London.) 


A somewhat new and very interesting field of inquiry is opened in this 
work, which is devoted to demonstrating that the doctrine of evolution, far 
from being a child of the middle of the nineteenth century, of sudden birth 
and phenomenally rapid growth, as it is by many supposed to be, has really 
been in men’s minds for ages. It appears in the germ in the earliest Greek 
philosophy; in vigorous childhood in the works of Aristotle; in adolescence at 
the closing period of the last century, and reaches full-grown manhood in our 
own age of scientific thought and indefatigable research. The volume before 
us has grown out of lectures delivered by Professor Osborn at Princeton in 1890, 
supplemented by a fuller course given at Columbia College in 1893. Those 
interested in the history of the theory of evolution would find it to their 
advantage to peruse it, since it shows clearly not only that evolution was born 
into the world before Darwin, but that a continuity in the development of the 
idea can be traced from the days of Thales and his fellow philosophers to the 
present time. It is true that, before the appearance of Darwin’s “Origin of 
Species,” the steps of progress of the evolutionary theory were slow and un- 
certain, and that since the appearance of that epoch-making work more books 
on evolution have been published each year than in all the preceding centuries ; 
yet it is equally true that much which we now consider modern is really 
ancient, and that we may discover in the utterances of Greek philosophers 
vital conceptions which we fondly imagine children of our own day. 

“We find,” says Osborn, “ancient pedigrees for all that we are apt to con- 
sider modern. Evolution has reached its present fullness by slow additions in 
twenty-four centuries. When the truths and absurdities of Greek, medieval 
and sixteenth to nineteenth century speculation and observation are brought 
together, it becomes clear that they form a continuous whole; that the influ- 
ences of early upon later thought are greater than has been believed; that 
Darwin owes more even to the Greeks than we have ever recognized.” 

The law of the “Survival of the Fittest,” for instance, recently stated by 
Darwin and Spencer, “has been re-told or re-discovered several times over,” 
and was clearly postulated more than two thousand years ago by Aristotle, 
though he rejected it as the true law of the progress of life. What must be 
said, however, is that until within recent years speculation far outran the 
knowledge of corroborating facts. The ideas of the Greeks came to them from 
a minimum of observation and a maximum of speculation, and it is only 
within recent years that the necessity of facts as a basis for theory has been 
demonstrated. In the domain of evolution this was first clearly perceived by 
Darwin and Spencer, and it is to the solid foundation of observation on which 
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the “ Origin of Species” is erected that the former owes his present command- 
ing position as the high priest of evolution. In our day this theory has been 
buttressed with facts, and is accepted by the world. In the past it was shored 
up with fancy, and the world passed by unseeing or unheeding. 


GLACIAL GEOLOGY OF GREAT BRITIAN AND IRELAND. By Henry Car- 


vii Lewis, M.A., F.G.S. (Longmans, Green & Co., London and New 
York.) 


This work consists of the undigested papers and notes of Professor Lewis, 
left at his sudden death in 1888, and since edited, at the earnest instance of 
Mrs. Lewis, by his friend, Rev. Henry W. Crosskey, who also has since died. 
It is full of fertile suggestions, valuable in themselves, and forming the ground- 
work of what would doubtless have been, had the author lived, an able and 
original work on British glacial geology. 

Professor Lewis was in his college days an ardent student of astronomy and 
geology, and afterward turned his attention to mineralogy, of which branch of 
science he was made professor by the Academy of Natural Sciences of Phila- 
delphia. He was a man of excellent scientific acquirements, and possessed of 
an enthusiastic spirit of research, his invesiigations in glacial phenomena 
taking him over a great extent of territory in America and Europe, while his 
close observation and his powers of generalization gave much scientific value 
to the results. In the United States he traced the great terminal moraine 
across the width of the State of Pennsylvania, and made a full study of its 
characteristic features. Going to Ireland in 1885, he began a series of exten- 
sive journeys through that island and Great Britian, making a study of glacial 
phenomena at numerous points, and giving his views with a freshness that 
attracted wide and favorable attention from British geologists. His unfor- 
tunate death removed one who would certainly have made his mark in the 
world of science. The papers which he left behind him, and which are here 
given to the world, are well worthy the attention of geologists, from their 
many fertile suggestions in relation to the movements of glaciers in the 
British islands and their various effects. One of the more interesting of these 
relates to Moel Tryfan, a Welsh mountain, upon which, at a height of one 
thousand three hundred and fifty feet, occurs a deposit of sea shells, which 
has long been held as evidence that Great Britain was submerged to at least 
that depth during the glacial epoch. Professor Lewis’s observations went far 
to confirm an opposite and more probable theory, which had been advanced 
by others, that these shells reached their lofty elevation through the advance 
of a glacier, which moved from Ireland across the Irish Channel, scouring 
the sea bottom as it went, and leaving this and other marks of its presence on 
the Welsh mountains. So the old theories die one by one, and new ones come 
to take their places, as observation widens and facts accumulate. 


Tue CaNnapiAn IcE AGE, by Str Jonn Dawson, F.R.S., ete. 
(The Scientitic Publishing Company, New York.) 


The work here named naturally falls into line with that just noticed, since 
t consists of “ Brief Notes on the Pleistocene Geology of Canada, with Especial 
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Reference to the Life of the Period and its Climatal Conditions.” Those notes, 
however, are fully worked out, and embrace papers which were published 
from time to time in the ‘Canadian Geologist and Naturalist,” and which 
present a mass of interesting information bearing upon the history of the 
northern half of North America in the Ice Age. Principal Dawson, we need 
scarcely say to scientific readers, is an opponent of many of the views held by 
students of glacial phenomena and of geology in general. He is one of the 
most notable among the rapidly diminishing opponents of the Darwinian theory 
of evolution, and is by no means inclined to follow the hypothesis of glacial 
activity to the height to which it has been carried. As regards the causes of 
the phenomena ascribed to glaciers. he is disposed to seek them in geological 
and geographical agencies rather than in astronomical influences, and believes 
that glacial action had by no means all to do with them. He is inclined, on 
the contrary, to ascribe many of them to submergence and the action of ice- 
bergs and field ice borne from the Arctic seas over the sunken lands, upon 
which they dropped their frozen-in earth and rocks as they slowly wasted 
away. In short, he is strongly oppesed to what he looks upon as the over- 
growth of the glacial theory and his work presents a series of arguments in 
favor of the opposite point of view, viz., that floating ice was an active agent 
in pleistocene Canadian geology, and was the cause of much that is ordinarily 
ascribed to the movement of continental glaciers. 


Tue CaAusE oF WARM AND FRIGID Periops, by C. A. M. Taper. (Geo. H. 
Ellis, printer, Boston.) 


While Principal Dawson takes his stand as a vigorous opponent of the pres- 
ent broad status of the glacial theory, the writer of the present work is disposed 
to extend it considerably beyond its present boundaries, and advances what 
seems a quite original hypothesis of the causes of alternate glacial and mild 
epochs, and one of sufficient cogency not to be dismissed without some weigh- 
ing of his argument. While surely not the only cause of glacial phenomena, 
as he appears to believe, it has a plausible claim to be considered by students 
of glacial action. Mr. Taber, who has apparently sailed through all seas, and 
studied the directions of the prevailing winds and surface currents in both 
hemispheres and -in the Arctic regions of the north and south alike, thinks 
that these winds and currents are the principal and sufficient causes of 
alternate warm and frigid conditions, and that we need go no further to seek 
the origin of the age of glacial ice. 

The trade winds move the waters of the tropical oceans. These heated 
waters flow off north and south toward the frigid zones, in volumes and direc- 
tions dependent upon the shapes of the continents and the oceanic conditions, 
and modify the Arctic climates by their heating effect upon the air. The 
temperature of the Arctic zones depends in a considerable measure on the 
depth to which they are penetrated by these tropical waters. At present, with 
the existence of an unbroken circle of open seas south of America and Africa, 
the oceanic current produced by the prevailing westerly winds sweeps around 
the earth, and acts as a barrier to the southward movement of tropical currents 
and a source of northward-flowing cold streams. As a result, frigid conditions 
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prevail unchecked in the south polar region, and a southern glacial age is 
slowly coming on. The effect of the gradual chilling of the southern water 
by the extension of polar ice and the increasing fleet of icebergs is likely to be 
double. The north-flowing Humboldt and Agulhas currents of cold waters 
will increase in volume, and eventually carry icebergs northward to chill the 
waters of the tropics; and the deep under current toward the equator will 
bear increased volumes of icy water into the tropical ocean depths. The result, 
as Mr. Taber argues, must be to reduce the temperature of the surface waters 
of the tropical seas, the heat of the solar rays being largely exhausted in over- 
coming these frigid conditions. As a consequence, the waters flowing north 
and south from the torrid zone will be much less heated than now, and their 
present effect in checking the development of glacial conditions will be con- 
siderably decreased in both the polar regions. 

If this process of refrigeration should continue until a new glacial age 
develops, what will follow? As it had its origin in the free sweep of westerly 
winds around the circle of the southern oceans, it will end in the checking of 
the cold current thus caused. The breadth of ocean between Cape Horn and 
the Antarctic Continent will be gradually narrowed by the extension of land 
ice north and south and the grounding of bergs in the shallow regions of the 
channel. Eventually greater bergs will be anchored in the deeper regions, 
and a wall of ice connect the two land masses, effectually closing off the great 
Antarctic current. This done, the strong westerly winds will blow the waters 
from the eastern border of South America and of the wall of ice, making a low 
sea level into which the tropical waters must naturally be drawn. The frigid 
seas will grow warmer, the bottom return current be less chilled, and the heat- 
ing effect of the tropical solar rays increased. From all this must result a 
gradual amelioration of climate, both south and north, through which the 
frigid conditions will gra tually disappear, and a warm period set in. In the 
end the melting of the ice wail will permit the present conditions to return, 
and open the way to a new glacial cycle. Such is a bald and partial outline 
of Mr. Taber’s interesting hypothe-is. Its weak and questionable point is that 
it requires the closing by ice of the Cape Horn channel, an hypothesis which 
is not very likely to gain acceptance. 


FauNA OF THE Deep Sea, by Sypney J. Hickson, M. A. (D. Appleton 
& Co., New York.) 


This latest volume of the “ Modern Science Series ”—which, under the able 
elitorship of Sir John Lubbock, is devoted to popular expositions of scientific 
themes—is likely to prove one of its most acceptable. It deals with a subject 
in which the public cannot but be strongly interested, and in a lucid manner 
which is calculated to make the work attractive. The modern thirst for explor- 
ation of the earth’s surface, which has gone so far toward solving the mys- 
teries of geography and physiography within the past quarter of a century, 
has been directed with almost equal energy toward the problems of the deep 
seas, and the dredging work of the Challenger, the Albatross, the Blake, and 
other vessels has opened a new world to our ken, and remarkably modified 
our views concerning the conditions and inhabitants of the ocean depths. 
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The sea bottom was long a terra incognita to mankind. It is no longer so. 
Within the past twenty years an extraordinary amount of information con- 
cerning it has been gained, particularly as regards its living inhabitants, 
which are found to be more numerous, varied and strange than any zoological 
dreamer had conceived. Instead of being a world of death, the deep sea is a 
world of life. As to the character of this life, three questions needed to be 
answered. Ist. Do deep sea animals show any striking correlation with the 
physical conditions of their habitat? 2d. Whence were they derived; did 
they originate in the ocean depths, or are they the results of immigration 
from the shallow shore waters or the surface of the ocean? 3d. Are they of 
ancient origin or the results of recent immigration? To these questions satis- 
factory answers can now be made. The animals in question are none of them, 
so far as is known, of deep sea origin, but are the results of immigration from 
higher levels and subsequent modification, their relationship to well-known 
forms being quite evident. They are not of ancient origin; no paleozoic forms 
have been discovered, and it is not probable that the existing deep sea fauna 
began earlier than the cretacious epoch. As regards their source, some of 
them may have come from the pelagic zone, but the great multitude evidently 
made their way downward from the shallow water region, of whose fauna 
they are specially modified types. This is also indicated by the richness of 
life in the sections of the deep sea adjoining the land. The western slopes of 
the Atlantic floor are exceptionally rich in living forms, and this rule gener- 
ally holds good. The modifications which these immigrants to the deep 
waters have experienced have been numerous, and in two directions are of 
particular interest. The first of these relates to their eyes. These have be- 
come either very large or very small. In depths over one thousand fathoms 
the small-eyed and blind forms predominate, while at less depths the large- 
eyed are in excess. This is the case not only with fishes, but with crustaceans 
and other eye-bearing classes. ‘The second striking modification is in the 
development of phosphorescent organs, many of these animals being possessed 
of extraordinary light-yielding powers, and capable of, in a measure, illumi- 
nating depths of ocean to which no solar ray can ever penetrate. These ap- 
pendages are of two kinds: Eye-like organs which extend in rows down the 
sides of the body; and glandular organs at the extremity of barbels, or in 
broad patches behind the eyes or in other prominent places on the head and 
shoulders. The latter serve as a sort of miner’s lamp to light the creature 
through the sunless depths of its chosen habitation. We give these few hints 
from the story of the deep seas from their alluring interest. There is a mul- 
titude more to be learned by those who care to pursue the subject further, and 
Mr. Hickson’s book may serve as a useful guide. 


Law Tueory IN Cuemistry, by CARNEGIE, M. A. 


(Long- 
mans, Green & Co., London and New York.) 


This volume, which contains the substance of eight lectures delivered to 
teachers of chemistry at Colorado College, Colorado Springs, is not offered 
as an elementary or consecutive text-book, but as a “Companion Book for 
Students,” one of those supplementary reading books which are now becom- 
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ing so common and so useful in our schools of every grade. It does not 
seek to embrace the whole field of chemical science, but treats intelligently 
aud interestingly of such subjects as alchemy and the birth of scientific chem- 
istry ; the phlogistic period and the beginning of chemical theory ; chemical 
classification, compounds, elements, etc.; the atomic theory; classification of 
compounds—acids, bases and salts; isomerism and molecular architecture, 
and chemical equilibrium, It presents an excellent popular exposition of 
chemistry within the scope of the subjects mentioned, and is likely to prove 
of value to advanced students. 


Tue Untrep Srates; Facts anp Figures ILLUSTRATING THE PHysIcAL 
GEOGRAPHY OF THE CouNTRY AND ITs NATURAL Resources, by J. D. 
Wuirtyey. (Little, Brown & Co., Boston.) 

A number of years ago Mr. Whitney published a work under this title, 
which was essentially an expansion of an article originally written for the 
“ Encyclopedia Brittanica,” and gave a great amount of interesting and useful 
detail concerning the resources of the United States. To this the present 
work is a “Supplement,” devoted to the subjects of population, immigration 
and irrigation, upon which it contains a host of facts drawn from the statistics 
of the census of 1890. It is particularly devoted to the important subject of 
irrigation, the consideration of which makes up the great bulk of the work; 
among its topics being the distribution of population in accordance with rain- 
fall; the slow growth of population in the arid region; the introduction and 
effects of irrigation ; the problem of the artesian well in the United States and 
elsewhere ; that of subterranean waters and the methods of utilizing them; the 
development of irrigation from rivers and smaller streams; the question of 
mountain reservoirs and of governmental control of the streams capable of 
being developed as sources of irrigation, and various other topics bearing upon 
this highly important question, upon which so largely depends the future prog- 
ress of population and agricultural industry in the arid regions of the United 
States. The information given cannot but prove of interest, and further sup- 
plementary volumes dealing with other census topics may be usefully produced. 


